19 
) 


(V 


yooqryed sjnNpolg IvjsJo]U] pur Soyruy [euonenN 


LOOT 





i 


a 


' j 
’ f 


400065 


“National Analog and Interface 
Products Databook 


7 





; 
\ 
} 


; 
} 





| 


| Amplifiers 
- Audio, Video, Wireless 
| Data Conversion 

_ Interface 

_ Power Managemen. 
» Special Functions 






| 
| Analog Microcontrollers 


National 
Semiconductor 


Analog and Interface Products 
DATABOOK 


2001 Edition 


i www.national.com 








Amplifiers - General Purpose, Low-Power 
and Buffers 


Amplifiers - High Speed 
Analog Microcontrollers 
Audio 


Comparators 


Converters - A/D, D/A, and 
Data Acquisition Systems 


Flat Panel Display Circuits 

Interface - Data Transmission Circuits 
Interface - LVDS Circuits 

Interface - Serial Digital 


Special Functions 


Temperature Sensors and System 
Hardware Monitors 


Video Circuits 

Voltage Control and Supervision Products 
Voltage References 

Voltage Regulators - Linear 


Voltage Regulators - Low-Dropout 


Voltage Regulators - Switching and 
SIMPLE SWITCHER 


Voltage Regulators and Converters - 
Switched Capacitor 


Wireless 
Mil-Aero 


Appendices 


iil www.national.com 


TRADEMARKS 


Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks. 


AirShare® _ COP8™ 

AT/LANTIC® . DNR® 

BI-FET® Geode™ 

Boomer® Mediamatics™ 

ee leca® Pelion Semiconductor? 
omlinea Navigator 

CompactRISC™ Overture® 


AT® is a registered trademark of International Business Machines 
Corporation. 

Dolby® is a registered trademark of Dolby Labs. 

IC® is a registered trademark of the Philips Corporation. 

iceMASTER™ is a trademark of MetaLink Corporation. 

K6™ is a trademark of Advanced Micro Devices, Inc. 

Lap-Link® is a registered trademark of Travelling Software. 

LocalTalk™ is a trademark of Apple Computer, Inc. 

LT® is a registered trademark of Linear Technology Corporation. 

Microsoft™ is a trademark of the Microsoft Corporation. 

PAL® is a registered trademark of and used under license from 
Advanced Micro Devices, Inc. 


LIFE SUPPORT POLICY 


PHYTER® 

Silicon Dust™ 

SIMPLE SWITCHER® 

Stylized N®(National Worldmark) 
Virtual System Architecture® 


WebPAD™ 


PC-AT® and PC-XT® are registered trademarks of International 
Business Machines Corporation. 

PC® is a registered trademark of International Business Machines 
Corporation. 

Pentium II® is a registered trademark of Intel Corporation. 

Pentium™ is a trademark of Intel Corporation. 


~ PowerPC® is a registered trademark of IBM. 


SMBus™ is a trademark of Intel Corporation. 

SPI™ is a trademark of Motorola, Inc. 

Teflon®.is a registered trademark of DuPont. 

Windows® is a registered trademark of Microsoft Corporation. 
Z80™ is a trademark of Zilog Corporation. 


NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL 
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein: 


1. Life support devices or systems are devices or — 2..A critical component is any component of a life 


systems which, (a) are. intended for surgical implant 
into the body, or (b) support or sustain life, and 
whose failure to perform when properly used in 
accordance with instructions for use provided in the 


support device or system whose failure to perform 
can be reasonably expected to cause the failure of 
the life support device or system, or to affect its 


safety or effectiveness. 
labeling, can be reasonably expected to result in a | 
significant injury to the user. 


National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 
1-800-272-9959 Fax: 1-800-737-7018 


National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time without notice, to change said circuitry or speci- 
fications. 


www.national.com iv 





National Semiconductor 


Introduction 


National continues its leadership in both Analog and Inter- 
face with innovations in performance, packaging, and inte- 
gration. We are pleased to bring you highlights of all our 
Analog and Interface products in this databook. 


Since the late 1960s, when our first operational amplifiers 
and regulators were developed, National has been a lead- 
ing manufacturer of analog integrated circuits. Interface 
products, beginning with line drivers and receivers, were 
added in 1973. From the first monolithic regulator, the 
LM100, to the new chip-scale-packaged product families, 
many of these products have been “firsts” in performance 
and function. 


The 2001 Analog/Interface Databook contains abbreviated 
datasheets for thousands of Analog and Interface prod- 
ucts. Providing an overview of product capabilities and ap- 
plications, these short datasheets are the first few pages 
extracted from the complete document. Selection guides 
give additional assistance in selecting the products 
needed to meet the system requirements. 


ACD-ROM accompanies this databook, containing the full 
datasheet for each product. In addition, the CD-ROM in- 
cludes application notes, information on  Military- 
Aerospace products, and complete mechanical specifica- 
tions for packages. 

Information on all National products, including those re- 


leased since this publication, can be found on the National 
web site at www.national.com. 
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Product Status Definitions 


| Definition 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without 
notice. 


This data sheet contains preliminary data, and supplementary 


data will be published at a later date. National Semiconductor 
Corporation reserves the right to make changes at any time 
without notice in order to improve design and supply the best 
possible product. 


This data sheet contains final specifications. National 
Semiconductor Corporation reserves the right to make changes at 
any time without notice in order to improve design and supply the 


| best possible product. 


This data sheet contains specifications on a product that has 
been discontinued by National Semiconductor Corporation. The 
data sheet is printed for reference information only. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to im- 
prove reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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CLCO11 Serial Digital Video Decoder.... 0... 0... 0 eens 10-9 
CLC012 Adaptive Cable Equalizer for ITU-T G.703 Data Recovery.................... 10-11 
CLC014 Adaptive Cable Equalizer for High-Speed Data Recovery.................... 10-13 
CLC016 Data Retiming PLL with Automatic Rate Selection............. 0.000000 10-15 
CLC018 8x 8 Digital Crosspoint Switch, 1.4 Gbps. ......... 0.0.00. eee eee 10-17 
CLC020 SMPTE 259M Digital Video Serializer with Integrated Cable Driver............. 10-18 
CLC021 SMPTE 259M Digital Video Serializer with EDH Generation/Insertion........... ~ 10-20 
CLC111 Ultra-High Slew-Rate, Closed-Loop Buffer...........0-cccececceceseusecees 245 
CLC114 Quad, Low-Power Video Buffer................... Bed oihas de ainite dpa bh eas keek cede eae Sick 2-17 
CLC400 Fast Settling, Wideband Low-Gain Monolithic Op Amp. .............20eee0ee. 2-19 
CLC401 Fast Settling, Wideband High-Gain Monolithic Op Amp.............. ei Rateap ok s 2-21 
CLC404 Wideband, High-Slew Rate, Monolithic Op Amp........... 0.0.00 0c cece 2-23 
CLC405 Low-Cost, Low-Power, 110MHz Op Amp with Disable....................... 2-25 
CLC406 Wideband, Low-Power Monolithic OD AMP. atte tee: ak c.tthuetteok ahtn tari 2-27 
CLC409 Very Wideband, Low Distortion Monolithic Op Amp................0000 eee ee 2-29 
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CLC410 Fast Settling, Video Op Amp with Disable............... @ ipntdes has Gone eke. ie 
CLC411 High-Speed Video Op Amp with Disable.............0 0.00 cece ee ees 
CLC412 Dual Wideband Video Op Amp..............200000: trad iedeaspn dase as dos ence 
CLC414 Quad, Low-Power Monolithic Op Amp. .........0.000 cece eevee ue euas rere ek 
CLC415 Quad, Wideband Monolithic Op AMP. ......6.0 0c c ccc e ence cece nen e tenes 
CLC420 High-Speed, Voltage Feedback Op Amp.............-.0eeceeeeeeeuae vies 
CLC425 Ultra Low Noise Wideband Op Amp. .........0-cccceecceceuseueeeueennes 
CLC426 Wideband, Low-Noise, Voltage Feedback Op Amp..... Paiste eee ee 
CLC428 Dual Wideband, Low-Noise, Voltage Feedback Op Amp...............0005 7 
CLC430 General Purpose 100MHz Op Amp with Disable...................000. As a 
CLC431/432 Dual Wideband Monolithic Op Amp with Disable...................00 00s, 
CLC440 High-Speed, Low-Power, Voltage Feedback Op Amp...............000000 eee, 
CLC446 400MHz, 50mW Current-Feedback Op Amp.......... 0.000 cece cece eens 


CLC505 High-Speed, Programmable-Supply Current, Monolithic Op Amp. ..... oon 


CLC520 Amplifier with Voltage Controlled Gain, AGC +Amp............... Saga ead 
CLC522 Wideband Variable-Gain Amplifier...........0. 0.000 e eee ee eee ees eaene 
CLC532 High-Speed 2:1 Analog Multiplexer....... eer te en ee eee a 


CLC533 High-Speed 4:1 Analog Multiplexer......... 00.000 c cece eee eee nes eat ee 


CLC5506 Gain Trim Amplifier (GTA). ........ 0.0.0 cece eee eee tence eee 
CLCS509' Ultra-Low: Noise PreampliiChoicacicieat eee ore wad Ga Seeas s 2 


CLC5523 Low-Power, Variable Gain Amplifier... 0.0... 0.0... c cece cee ees aie 
CLC5526 Digital Variable Gain Amplifier (DVGA)..........0. 0.000 e cece eee ees ee 


CLC5602 Dual, High Output, Video Amplifier......... 0.0.00: cee eee ees | 
CLC5612 Dual, High Output, Programmable Gain Buffer............. 000 c cee eee eee | 
CLC5622 Dual, High Output, Video Amplifier........ testa abi kabel ae aud en amt Sask 6G 

CLC5623 Triple, High Output, Video Amplifier..........0 0.0.00: cee eee ees 
CLC5632 Dual, High Output, Programmable Gain Buffer...... 0... .. 0.0. cece eee 
CLC5633 Triple, High Output, Programmable Gain Buffer...... is aise eng Auk eewan acs 

CLC5644 Low-Power, Low-Cost, Quad Operational Amplifier............. 0.0.0. .0000. 
CLC5654 Very High-Speed, Low-Cost, Quad Operational Amplifier.................... 
CLC5665 Low Distortion Amplifier with Disable. ..........0.0 0.00. e eee eee eee 
CLC5801 High Speed Low Noise Voltage Feedback Amplifier...................00005 
CLC5802 Dual Low-Noise, Voltage Feedback Op Amp.............00:0 cee eee eee 


CLC5956 12-bit, 65 MSPS Broadband Monolithic A/D Converter...........cccceeeeee. 


CLCS958 14-Bit, 52 MSPS A/D Converter... 0.0... eee eee e ween een enens 


COP8ACC5 Family 8-Bit CMOS ROM Based and OTP Microcontrollers with 4k or 16k 
Memory and High Resolution A/D. ..... 0.0... eee eee ees 
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Alpha-Numeric Index ontinies) 
COP8SA Family 8-Bit CMOS ROM Based and One-Time Programmable (OTP) 


Microcontroller with 1k to 4k Memory, Power On Reset, and Very Small Packaging. .... 3-63 
COP8SBR9 8-Bit CMOS Flash Based Microcontroller with 32k Memory, Virtual EEPROM, 

ANG BlOWNOUN, sg dite ies 44 oa une d eee Ae aetna ork Ee Oats es 3-103 
COP8SCR9 8-Bit CMOS Flash Based Microcontroller with 32k Memory, Virtual EEPROM, 

GING BIOWNOUK o 5 eek tte ovr ee ret perene 2 esa ease Biase be Gal See ep Oa HO hw er a aes 3-103 
COP8SDR¢9 8-Bit CMOS Flash Based Microcontroller with 32k Memory, Virtual EEPROM, 

ANC BiOWROUbs 2.02.45, 5.359 ES nd, oe eae Boh ke SE ee i ewe Soe ae ee eae 3-103 
COP8SE Family 8-Bit CMOS ROM Based and OTP Microcontrollers with 4k Memory and 

V26- BYES EEIAM sa o'ncie ita edb ead eerie eeu Ate acer actn es SRL aie ee one a She 3-24 
COP8SG Family 8-Bit CMOS ROM Based and OTP Microcontrollers with 8k or 32k 

Memory, Two Comparators, and USART........ 0... 0c cee eee ee 3-72 
COP87L84BC 8-Bit CMOS OTP Microcontrollers with 16k Memory, Comparators, and 

CAN MINGIACG. 3.6 faced eae 6 ae Se ake wea Mace ea aw Raw ere eee 3-82 
COP87L84CL 8-Bit One-Time Programmable (OTP) Microcontroller................... 3-68 
COP87L88CF 8-Bit CMOS OTP Microcontrollers with 16k Memory and A/D Converter.... 3-88 
COP87L88CL 8-Bit One-Time Programmable (OTP) Microcontroller................... 3-68 
COP87L88EB Family 8-Bit CMOS OTP Microcontrollers with 16k or 32k Memory, CAN 

Interface, 8-Bit A/D, and USART.........0 00.0.0 cc ee ee ete eee ene 3-84 
COP87L88EK Family 8-Bit CMOS OTP Microcontrollers with 8k or 32k Memory, 

Comparator, and Single-slope A/D Capability... ...... 0.0.0... eee 3-95 
COP87L88FH 8-Bit CMOS OTP Microcontrollers with 16k Memory, Comparators, USART 

and Hardware Multiply/Divide. ....... 0... 0.0. c cee eee eee ete 3-78 
COP87L88GD Family 8-Bit CMOS OTP Microcontrollers with 16k or 832k Memory and 

8-Channel A/D with Prescaler......... 0.000 ce eee ee eee teat eens 3-92 
COP87L88RB Family 8-Bit CMOS OTP Microcontrollers with 16k or 32k Memory, CAN 
_ Interface, 8-Bit A/D, and USART....... 0.0.0.0 eee eee een eee 3-84 
COP87L88RD Family 8-Bit CMOS OTP Microcontrollers with 16k or 32k Memory and 

8-Channel A/D with Prescaler..: ¢ oic<sesseas ke hee ekes che newt eee baa aee eR eas 3-92 
COP87L88RK Family 8-Bit CMOS OTP Microcontrollers with 8k or 32k Memory, 

Comparator, and Single-slope A/D Capability.......... 0... ccc ee ee ees 3-95 
COP87L88RW 8-Bit One-Time Programmable (OTP) Microcontroller with Pulse Train 

Generators and Capture Modules. ......... 0... 0. eet eee eens 3-99 


COP87LxxCJ 8-Bit CMOS OTP Microcontrollers with 4k or 32k nigwony and Comparator.. 3-60 
COP87LxxRJ 8-Bit CMOS OTP Microcontrollers with 4k or 32k Memory and Comparator.. 3-60 


COP680C Microcontrollers; 2:24.24 bawneeitdrbhettaet dike i dant Ad bebe s covedaehs 3-14 
COP6S81C Microcontrolle (Sa. .-i-s ss Sob ado ate Rae Pa A ed he ee ee Ses 3-14 
COPG68ZG-MICKOCONUIONelS.seciet-o5.8% Poy eas Seale haa aelene s RNa ay oat ah Ee ee ee 3-14 
COP684CL 8-Bit Microcontroller... .....0.0 0.0.0.0 cc ce eee eee teen ees 3-20 
COP688CL 8-Bit Microcontroller... 0.0... 0.0: cece eee eee eee ee nee beeen ee anes 3-20 
COP820C Family 8-Bit CMOS ROM Based Microcontrollers with 1k or 2k Memory....... 3-12 
COP820CJ Family 8-Bit CMOS ROM Based Microcontrollers with 1k or 2k Memory, 

Comparator and Brown Out Detector...... 0.0.0... ccc eet eee ees 3-17 
COP840C Family 8-Bit CMOS ROM Based Microcontrollers with 1k or 2k Memory....... 3-12 
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COP840CJ Family 8-Bit CMOS ROM Based Microcontrollers: with 1k or 2k sills 
Comparator and Brown Out Detector..........0 00. eee eee eens - 


COP880C Microcontrollers............ ieee ate oe deem ace ha aie eo, eas ee ars Bite 
COP881C Microcontrollers. .... 0.0.0.0 cece ccc c cece vee eeueeuuneneenneeenunnnns , 


COP882C Microcontrollers............ Sheets in ewer hia e tcabadach ee Da ese ag 


COP884BC 8-Bit CMOS ROM Based Microcontrollers with 2k Memon Comparators, ¢ and 


GAN MeHaCel, a5 in anae nel Scoe Saath od ah ep et aaGes nade tad wht a ae eke, 
COP884CL 8-Bit MictGCOnt Olt ewig. ¥ iluere ina dicah nd ect wenn whe tides atk: Tare 


COP885BC 8-Bit CMOS ROM Based Microcontrollers with 2k Memory, Comparators, and | 
CAN RIGHACG: 2 64-c.5-cague co we eee ae hele hte sete wee Eel kee Eee eee 


COP888CF 8-Bit CMOS ROM Based Microcontrollers with | 4k Memory and A/D Converter. 


COPS88CL:B°Bit MICMOCONTONOl i wise avid epyteiat Peau week eee ews oe toe | 


COP888CS Family 8-Bit CMOS ROM Based blicroconttallare with 4k to 24k Memory, 
Compatators and: USAR  2sséneceetatiatwir dae ktatned cake bebauwey chord heats 


COP888EB 8-Bit CMOS ROM Based Microcontrollers with 8k Memory, CAN Interface, ; 
6B AD, and USART fice ce srmutaty Sad pa cota anes oe eke nadie ssn aie ww ene dee oe 


COP888EK 8-Bit CMOS ROM Based Microcontrollers with 8k Memory, Comparator, z and 
Single-slope A/D Capability... 2.0... 66sec ceed eee eee ede dees re a ee oe 


COP888FH 8-Bit CMOS ROM Based Microcontrollers with ae « Memory, Comparators, | 
USART and Hardware Multiply/Divide. ....... 0.0.0.0... bee ee tee ee eens 


COP888GD . ‘Bit ae ROM Based Microcontrollers with 16k memory and 8- Channel 


COP888GW 8-Bit Microcontroller with Pulse Train Generators and Capture Modules. . a 
COP888xG Family 8-Bit CMOS ROM Based Microcontrollers with 4k to 24k Memory, 


Comparators and USART......... Out aeaotenenegeate Gaestae einen bmceneahes* © 


COP912C 8-Bit Microcontrollers................ iiss Guna cone anaes bale 


COP912CH 8-Bit Microcontrollers.............006. ean kat tua ate a eerie 
COP980C Microcontrollers............ easiest a gtd si i iis aah ata iamentenen fae 
COP981C Microcontrollers... ... 0.0.0.0... cee eee eee eT ee eee  etpaaliacarre tic ae 
COP982C Microcontrollers. .........0..000e eee. ieeitowke td acta rankeibne aternte maaan eeee 


COP984CL 8-Bit Microcontroller................. Sat d asenk Se he ele oy ee ee 
COP988CL 8-Bit Microcontroller........0... 20.0000 cee eis Reena sue anenc ated th aaate & | 
DAC0800 8-Bit D/A Converter........:....... hates line Rees teaser hea ich overt Suet ask 
DACO0802 8-Bit D/A Converter. ... 0.0.0... ccc e ee ee eee eee e teen ene eenes 
DAC0808: 8: Bit D/A COnVOtOl cp dsttancsd-y Gwnd dacs ec bd x titd eee wad eas 
DAC0830 8-bit Microprocessor Compatible, Double-Buffered D/A Converter............. 
DAC0832 8-bit Microprocessor Compatible, Double-Buffered D/A Converter............. 
DS14C88 Quad CMOS Line Driver... .. 0... eee beens sates 
DS14C89A Quad CMOS Receiver...........0:0 cece eee ee eee beeen eens Becce ie 
DS14C232 Low Power +5V Powered TIA/EIA-232 Dual Driver/Receiver..............0 


DS14C238 Single Supply TIA/EIA-232 4x4 Driver/Receiver....... bps Gaceer Uh ly sisi fee 


DS14C241 Single Supply TIA/EIA-232 4x5 Driver/Receiver..............- Siegen 


DS14C335 +3.3V Supply TIA/EIA - 232 3X5 Driver/Receiver......... ce teatnetan hands ee 
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Alpha-Numeric Index ontnues) 


DS14C535 +5V Supply EIA/TIA-232 3 x 5 Driver Receiver...............-0-.000000- 
DS16F95 EIA-485/EIA-422A Differential Bus Transceivers. ...............00000eus 
DS26C31M CMOS Quad TRI STATE Differential Line Drivers..................... 
DS26C31T CMOS Quad TRI-STATE Differential Line Drivers...................... 
DS26C32AM CMOS Quad Differential Line Receivers............0.00ce eee ee eees 
DS26C32AT CMOS Quad Differential Line Receivers............ 0.0.0.0 cee eee 
DS26F31M Quad High Speed Differential Line Drivers..................00000005- 
DS26F32M Quad Differential Line Receivers.......... 0.0.0.0. 
DS26LS31C Quad High Speed Differential Line Drivers...................--0005. 
DS26LS31M Quad High Speed Differential Line Drivers...................0000085 
DS26LS32AC Quad Differential Line Receivers. ......... 0.0.0.0 ee 
DS26LS32C Quad Differential Line Receivers. .......... 0.0.0... cee eee ees 
DS26LS32M Quad Differential Line Receivers............. 0.00 cee eee 
DS26LS33M Quad Differential Line Receivers......... 0... 0.0. cc eee 
DS26LV31T 3V Enhanced CMOS Quad Differential Line Driver.................... 
DS26LV32AT 3V Enhanced CMOS Quad Differential Line Receiver................ 
DS26S10 Quad Bus Transceivers. ... 0.0.0.0... ee eee eee eee 
DS34C86T Quad CMOS Differential Line Receiver.............. 0.00. eee 
DS34C87T CMOS Quad TRI-STATE Differential Line Driver..................005. 
DS34LV86T 3V Enhanced CMOS Quad Differential Line Receiver.................. 
DS34LV87T Enhanced CMOS Quad Differential Line Driver....................005 
DS36C200 Dual High Speed Bi-Directional Differential Transceiver................. 
DS36C278 Low Power Multipoint TIA/EIA-485 Transceiver...............20000 eee 
DS36C279 Low Power TIA/EIA-485 Transceiver with Sleep Mode.................. 
DS36C280 Slew Rate Controlled CMOS TIA/EIA-485 Transceiver................5. 
DS36F95 EIA-485/EIA-422A Differential Bus Transceivers. ........... 0000 eee eee 
DS38C86A CMOS BTL 9-Bit Latching Data Transceiver..................2000005- 
DS78C20 Dual CMOS Compatible Differential Line Receivers..................... 
DS78C120 Dual CMOS Compatible Differential Line Receiver..................... 
DS78LS120 Dual Differential Line Receivers (Noise-Filtering and Fail-Safe).......... 
DS88C20 Dual CMOS Compatible Differential Line Receivers..................... 
DS89C21 Differential CMOS Line Driver and Receiver Pair...............20000 eae 
DS89C386 Twelve Channel CMOS Differential Line Receiver..................... 
DS89C387 Twelve Channel CMOS Differential Line Driver...................0005. 
DS90C031 LVDS Quad CMOS Differential Line Driver....................0000005 
DS90C031B LVDS Quad CMOS Differential Line Driver.....................00485. 
DS90C032 LVDS Quad CMOS Differential Line Receiver...................0000505 
DS90C032B LVDS Quad CMOS Differential Line Receiver....................... 


DS90C363 +3.3V Programmable LVDS Transmitter 18-Bit Flat Panel Display (FPD) 


LINK S209 MEIZ> 2-3 eatin wena eaten he eee ae ere ea Seam e meee a ese y 


DS90C363A +3.3V Programmable LVDS Transmitter 18-Bit Flat Panel Display (FPD) 


LINGO OV WPIZ cot oat bidet hed EM eRe we-acerdd. Gs Ele Hee a aie Geren ee etd in 
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DS90C365 +3.3V Programmable LVDS Transmitter 18-Bit Flat Panel Display (FPD) 
SLINK-O5 MAZ ine HvGu se uwhatesheee ee 4s ote PhU Siow ys ee dee ne ie eRe eed eae 


DS90C383 +3.3V Programmable LVDS Transmitter 24-Bit Flat Panel Display ie _ 
LINK =309: MH Zio32 idarca ethene Woe ae ee Gees Geet eas ba AeA eed Sheu ane 


DS90C383A +3.3V Programmable LVDS Transmitter 24- Bit Flat Panel Display (FPD) © 
LEG IVITAZ: sec.s 2 core icant 6 tee eta tepceecee RR RA ich Me Meh ah aR ae WN a et a Al ac ae ied er 


DS90C385 +3.3V Programmable LVDS Transmitter 24-Bit Flat Panel Display (FPD) | 
BENS VM ia ee taf aeceiaa in 2 et ae ean eee Bee at ee age Ge aie asa aoe eae Sp ey ae 


DS90C387 +3.3V Dual Pixel LVDS Display Interface (LDI)-SVGA/QXGA.......... ee 
DS90C387A Dual Pixel LVDS Display Interface / FPD-Link Transmitter............... : 
DS90C401 Dual Low Voltage Differential Signaling (LVDS) Driver..................005 
DS90C402 Dual Low Voltage Differential Signaling (LVDS) Receiver.................. 
DS90CF363 +3.3V LVDS Transmitter 18-Bit Flat Panel Display (FPD) Link—65 MHz..... 


DS90CF363A +3.3V LVDS Transmitter 18-Bit Flat Panel Display (FPD) Link-65 MHz... .. . 


DS90CF364 +3.3V LVDS Receiver 18-Bit Flat Panel Display (FPD) Link—65 MHz....... 
DS90CF364A +3.3V LVDS Receiver 18-Bit Flat Panel Display (FPD) Link—65 MHz...... 
DS90CF366 +3.3V LVDS Receiver 18-Bit Flat Panel Display (FPD) Link—85 MHz...... - 
DS90CF383 + 3.3V LVDS 24-Bit Flat Panel Display (FPD) Link - 65 MHz.............. 
DS90CF383A +3.3V LVDS Transmitter 24-Bit Flat Panel Display (FPD) Link-65 MHz..... 
DS90CF384 +3.3V LVDS Receiver 24-Bit Flat Panel Display (FPD) Link—65 MHz....... 
DS90CF384A +3.3V LVDS Receiver 24-Bit Flat Panel Display (FPD) Link—65 MHz ; 
DS90CF386 +3.3V LVDS Receiver 24-Bit Flat Panel Display (FPD) Link—85 MHz ..... 
DS90CF388 +3.3V Dual Pixel LVDS Display Interface (LDI)-SVGA/QXGA. ............. 
DS90CF388A Dual Pixel LVDS Display Interface / FPD-Link Receiver................. 
DS90CF561 LVDS 18-Bit Color Flat Panel Display (FPD) Link....................... 
DS90CF562 LVDS 18-Bit Color Flat Panel Display (FPD) Link..... Sco aer od th 


DS90CF563 LVDS 18-Bit Color Flat Panel Display (FPD) Link - 65 MHz............... | 


DS90CF564 LVDS 18-Bit Color Flat Panel Display (FPD) Link - 65 MHz........ eee 
DS90CF581 LVDS Transmitter 24-Bit Color Flat Panel Display (FPD) Link......... eehais 
DS90CF583 LVDS 24-Bit Color Flat Panel Display (FPD) Link - 65 MHz............... 
DS90CF584 LVDS 24-Bit Color Flat Panel Display (FPD) Link - 65 MHz............... 
DS90CP22 2X2 800 Mbps LVDS Crosspoint SwitchCMOS. .............00000e eee ae 
DS90CA211 21-bit Channel HN cccoetwawntadebariamstacteeeudad varied Geninh ed 
DS90CR212 21-Bit Channel Link... 2.0.0.0... 0.0 ccc eee eee eee ena nes 
DS90CR213 21-Bit Channel Link - 66 MHZ. .......... 00... cece eee eee 
DS90CR214 21-Bit Channel Link - 66 MHz..............000.e eee eee seed nah aa ieee 
DS90CR215 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel Link - 66 MHz....... 
DS90CR216 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel Link - 66 MHz....... 


DS90CR216A +3.3V Rising Edges! Data Strobe LVDS Receiver 21 “Bit nahn | 
PINK ==66: MAIZ: eens0 0 cidts be G4 Sata hs ee ee ee alee gee ae hee oes 


DS90CR217 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel and Link - 85 MHz.... 
DS90CR218 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel and Link - 75 MHz. ... 
DS90CR218A +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel and Link - 85 MHz... 
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DS90CR281 28-Bit Channel Link........ 0.00.00 ee eee eens 9-39 
DS90CR282 28-Bit Channel Link... 1.0.20... 0... eee eee eee 9-39 
DS90CR283 28-Bit Channel-Link - 66 MHZ........... 0.00 cece eee eee ee 9-41 
DS90CR284 28-Bit Channel-Link - 66 MHZ. .......... 0.00: ee tee eee 9-41 
DS90CR285 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 66 MHz........... 9-43 
DS90CR286 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 66 MHz........... 9-43 
DS90CR286A +3.3V Rising Edge Data Strobe LVDS Receiver 28-Bit Channel 

LIRK==66 MZ, ce etanteva ek oom eae aie Sule OS ek kes Sa eae a ha ea Ne he 9-45 
DS90CR287 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 75 MHz........... 9-46 
DS90CR287 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 85 MHz........... 9-48 
DS9INCR288 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 75 MHz........... 9-46 
DS90CR288A +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 85 MHz.......... 9-48 
DSIOCRASS SerialiZel.e 5 24.0 dash Bh eae oh ine Boe BO Goa a Ved Se ee ee 9-50 
DS90CH484 DeserialiZen, cc054 eens dae dewey eew eee dd oe KS oan Bae week aS 9-50 
DS90CR561 LVDS 18-Bit Color Flat Panel Display (FPD) Link....................... 7-22 
DS90CR562 LVDS 18-Bit Color Flat Panal Display (FPD) Link....................... 7-22 
DS90CR581 LVDS Transmitter 24-Bit Color Flat Panel Display (FPD) Link............. 7-28 
DS90CR583 LVDS 24-Bit Color Flat Panel Display (FPD) Link - 65 MHz............... 7-32 
DS90CR584 LVDS 24-Bit Color Flat Panel Display (FPD) Link - 65 MHz............... 7-32 
DS90LV017 Single High Speed Differential Driver.... 0.0.0.0... 00. es 9-8 
DS90LV017A Single High Speed Differential Driver........... 0... 0... ce ee eee 9-9 
DSYOLV018A 3V LVDS Single CMOS Differential Line Receiver..................005. 9-10 
DS9OLV019 3.3V or 5V LVDS Driver/Receiver......... 0.0000 ccc eee ees 9-11 
DS9OLV027 LVDS Dual High Speed Differential Driver.......... 0.0.0.0. eee eee eee 9-12 
DS90LV027A LVDS Dual High Speed Differential Driver............. 0.0.0.0 eee ee 9-13 
DS9OLV028A 3V LVDS Dual CMOS Differential Line Receiver....................05. 9-14 
DS9OLV031A 3V LVDS Quad CMOS Differential Line Driver......................05. 9-18 
DS90LV031B 3V LVDS Quad CMOS Differential Line Driver.....................005. 9-19 
DS90LV032A 3V LVDS Quad CMOS Differential Line Receiver....................000. 9-23 
DS90LV047A 3V LVDS Quad CMOS Differential Line Driver.......................5. 9-24 
DS90LV048A 3V LVDS Quad CMOS Differential Line Receiver.....................5. 9-25 
DS92CK16 3V BLVDS 1 to 6 Clock Buffer/Bus Transceiver................0000 ee ... > 9-68 
DS92LV010A Bus LVDS 3.3/5.0V Single Transceiver...............000000000e shied aes 9-52 
DS92LVO90A 9 Channel Bus LVDS Transceiver.............. 0. cece eens 9-53 
DS92LV1021 16-40 MHz 10 Bit LVDS Serializer and Deserializer............. caeeneder 5O2O7 
DS92LV1023 40 MHz-66MHz 10-Bit Serializer.................. finde Garret seat 9-64 
DS92LV1210 16-40 MHz 10 Bit LVDS Serializer and Deserializer................ ae 9-57 
DS92LV1212A 16-40 MHz 10-Bit LVDS Random Lock Deserializer with Embedded Clock - 

PROCOVOIVY «22 ce ai Se Fda Swear EWES gaa Naina ee ane Bees ove Wade eRe Spe Gare en 9-60 
DS92LV1224 40 MHz-66MHz 10-Bit Deserializer................. sh ates Stns. 9-64 
DS92LV222A Two Channel Bus LVDS MUXed Repeater............... 0.00 cee eee 9-55 
DS96F172M EIA-485/EIA-422 Quad Differential Drivers.......... Shed ee deat d.e deg apseattons 8-100 
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DS96F 173M RS-485/RS-422 Quad Differential Receiver............ 0.00. cee ee eee 8-101 
DS96F174C EIA-485/EIA-422 Quad Differential Drivers.......... 0.0.0... 000 ce eee . 8-100 
DS96F174M EIA-485/EIA-422 Quad Differential Drivers.......... 0.0... 0.0 cee eee ee 8-100 
DS96F175C RS-485/RS-422 Quad Differential Receiver............0ccccceeeeeeee. . 8-101 
DS96F175M RS-485/RS-422 Quad Differential Receiver......... 0... 00000 c eee eee 8-101 
DS481 Low Power RS-485/RS-422 Multipoint Transceiver with Sleep Mode............. 8-93 
DS485 Low-Power RS-485/RS-422 Multipoint Transceiver...............0000002032.. 8-94 
DS1487 Low Power RS-485/% Unit Load Muttipoint Transceiver....... cece cece eee eeee 8-82 
DS1488 Quad Line Driveliwas tuscsGued earns poeta ide vee .. -B9 
DS1489 Quad Line Receiver....... piatrasidaucantrina, eae ce testi haere, Bat cece bra = ead eee 8-11 
DS1489A Quad Line Receiver.........0 0... te eee teen ees 8-11 
DS1603 TRI-STATE Dual Receiver....... 0.0.0.0 ccc te eee eee eee eens 8-68 
DS1691A RS-422/RS-423 Line Drivers With TRI-STATE Outputs..................00. 8-25 
DS1776 Pi-Bus Transceiver... 0.0.0.0 0c cece eee eee eee e eee n eee enes 8-80 
DS3486 Quad RS-422/RS-423 Line Receiver............. cece cece e eee eee Ohana 8-37 
DS3487 Quad TRI-STATE Line Driver................ Huda netueuniueaadese tee 8-40 
DS3650 Quad Differential Line Receivers. ........000.. cece cece eee eevee eeeeees. 869 
DS3662 Quad High Speed Trapezoidal Bus Transceiver....... Dykes Gene hea ba ean 8-73 
DS3691 RS-422/RS-423 Line Drivers With TRI-STATE acai ubthea inde eeawenind. 76225 
DS3695 Multipoint RS-485/RS-422 Transceivers. ........ 0c. ccc cece eee e cece eauee 8-86 
DS3695A Multipoint RS485/RS422 Transceivers............... SS heise as Ja org Set Ge shen 8-89 
DS3695AT Multipoint RS485/RS422 Transceivers.......... Sh cent ieteeos is Se 8-89 
DS3695T Multipoint RS-485/RS-422 Transceivers..............+5: hs conchae de aot 8-86 
DS3696 Multipoint RS-485/RS-422 Transceivers.......... Srihee sci dateneh ae Mi thee ea 8-86 
DS3696A Multipoint RS485/RS422 Transceivers........... be Bacau baked bhates Srirateena s 8-89 
DS3697 Multipoint RS-485/RS-422 Repeater. ..... 0.0.0.0. cc eee eee 8-86 
DS3862 Octal High Speed Trapezoidal Bus Transceiver. ..... ua eae one eb eased ate ne 8-74 
DS3883A BTL 9-Bit Data Transceiver..............0..00e. tx sinade ho oe aes 8-54 
DS3884A BTL Handshake Transceiver..........0...0 0000 cece ee eee eee 8-56 
DS3886A BTL 9-Bit Latching Data Transceiver..........0. 00.0 cece eee eee 8-58 
DS3893A BTL TurboTransceiver........ 00.00 cece ee eee eee ee eee ieee ones oe 8-62 
DS3896 BTL Trapeziodal Transceiver... 0.00... cc cece eee e eee eeeenueeues .... ©6863 
DS3897 BTL Trapeziodal Transceiver........ eh eae Seat ooh isa sand vee ecpetact ween ta tae 8-63 
DS7820A Dual Line Receivers......... 0000 c ccc eee e cece eee eeeennnees eee 8-71 
DS7830 Dual Differential Line Drivers............. 00.0 eee eee eee eee 8-65 
DS7831 Dual TRI-STATE Line Drivers........0.0. 0.00 e cece eee e eee e nee eaes 8-66 
DS8641 Quad Unified Bus Transceiver................ 000s heree eras sya. cena 8-76 
DS8820A Dual Line Receivers....... Rose teats chat ede rand ang eee ee eee ee — 8-71 
DS8832 Dual TRI-STATE Line Drivers.......... 0c cece cee ee cece tec ee nen eenes 1. 8-66 
DS8838 Quad Unified Bus Transceiver.......... eaimecateeaeh eas echoseciaiavaee Gre 
DS8921 Differential Line Drivers and Receiver Pair.............. 0. cece e cece eeeee 8-44 
DS8921A Differential Line Drivers and Receiver Pair............... eee 8-44 
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DS8921AT Differential Line Drivers and Receiver Pair............. 0.00 ce eee eee eee 8-44 
DS8922 TRI-STATE RS-422 Dual Differential Line Drivers and Receiver Pair............ 8-46 
DS8922A TRI-STATE RS-422 Dual Differential Line Drivers and Receiver Pair.......... 8-46 
DS8923A TRI-STATE RS-422 Dual Differential Line Drivers and Receiver Pair.......... 8-46 
DS8925 Local Talk Dual Driver/Triple Receiver..........0. 0.0.0. cee eee eee 8-48 
DS9622 Dual Line Receiver.................00. Fa eB ale del ae eerapiis sc esas fe i Aedene Madea Tee Shae 8-72 
$9627 Dial ine: ReECSIVEN, 6 iis co en oa eS ee eS st che ee he ss Ae Ee Ee eee eet 8-16 
DS9636A RS-423 Dual Programmable Slew Rate Line Driver...................0005- 8-51 
DS9637A Dual Differential Line Receiver... . 0.0.0.0... 0c eee nes 8-52 
DS9638 RS-422 Dual High Speed Differential Line Driver.......................... 8-58 
DS14185 EIA/TIA-232 3 Driver x 5 Receiver..... 0.2.0.0... ce eee eee 8-22 
DS14196 EIA/TIA-232 5 Driver x 3 Receiver... 1... 0... ee eee 8-23 
DS36276 FailSafe Multipoint Transceiver... . 0.0.0.0... eee eee 8-84 
DS36277 Dominant Mode Multipoint Transceiver. ..........0 0.00. cc eee 8-85 
DS36950 Quad Differential Bus Transceiver. ..... 0.0.0... 6c ee ees 8-87 
DS36954 Quad Differential Bus Transceiver......... 2.0.0... ccc ee eee eee 8-88 
DS75107 Dual Line Receiver.......... 0.00. eee Bey ask atch ater anne beet 8-70 
S75 170A Dual Line: DIVel. co iwious aos 2 one. d belted ws nd ee ee ee we oases re 8-64 
DS75150 Dual Line DiVOl real sce cack So 24s vee 63 Bae ad we aha ee ewe enh eet el he 8-14 
DS75154 Quad Line Receiver...................4. alte a Se eee ee ee ee 8-15 
DS75160A IEEE-488 GPIB Transceiver... 1.0.0... ec ee eee ees 8-75 
DS75161A IEEE-488 GPIB Transceiver... .. 0... 0c ccc ee eee eens 8-75 
DS75176B Multipoint RS-485/RS-422 Transceivers. .........0.. 00 ee ees 8-95 
DS75176BT Multipoint RS-485/RS-422 Transceivers. ......... 0.000 ee ee ees 8-95 
DS96172 RS-485/RS-422 Quad Differential Line Drivers................ 00000 e eee 8-96 
DS96173 RS-485/RS-422 Quad Differential Line Receivers...........0.... 000000 eee 8-97 
DS96174 RS-485/RS-422 Quad Differential Line Drivers............ 0.0.0.0 cee ees 8-96 
DS96175 RS-485/RS-422 Quad Differential Line Receivers.............0..000seeeee. 8-97 
DS96176 RS-485/RS-422 Differential Bus Transceiver........... 2.000 c eee eee eee eee 8-98 
DS96177 RS-485/RS-422 Differential Bus Repeater.............. pict eee es i... 8-99 
DSV14196 +3.3V Supply EIA/TIA-232 5 Driver x 3 Receiver...............004.. Sewae 8-24 
FPDS5310;Panel Timing: Conroe tens. 05 un eheday eases e alow Ree geek aes A _ 7-34 
FPD87310 Universal Interface XGA Panel Timing Controller with RSDS (Reduced Swing a 
Differential Signaling) and FPD-Link......... 0.0.00. ccc eee eee ene — 7-35 
LF147 Wide Bandwidth Quad JFET Input Operational Amplifiers............ Mga Bred wer NATO 
LF198 Monolithic Sample and Hold Circuit............ 0.0.00 ee eee ee ee ee ee 11-6 
LF198A Monolithic Sample and Hold Circuit............. 0.0.0.0 0 ee eee Pee ge en ee 11-6 
LF298 Monolithic Sample and Hold Circuit........0... 000... is Aa Gan dees 11-6 
LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers...................... 1-15 
LF353 Wide Bandwidth Dual JFET Input Operational eee ihe ater ee eee arene ener 1-18 
LF398 Monolithic Sample and Hold Circuit.........0. 00.0 c ce cece eee ees wie. 11-6 
LF398A Monolithic Sample and Hold Circuit... 2.0.0.0... 0.0 eee 11-6 
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LF411 Low Offset, Low Drift JFET Input Operational Amplifier...................0005. 
LF411 Low Offset, Low Drift JFET Input Operational Amplifier...................00005 
LF412 Low Offset, Low Drift Dual JFET Input Operational Amplifier................... 
LF412 Low Offset, Low Drift Dual JFET Input Operational Amplifier....... wea eer ee 
LF442 Dual Low Power JFET Input Operational Amplifier............... ree eee 
LF444 Quad Low Power JFET Input Operational Amplifier............ aR Sok ecm wee ce aes 
LM10 Operational Amplifier and Voltage Reference............ 00000 e eee aee ene a 
LM10 Operational Amplifier and Voltage Reference............ 0000: c eee eee eee 


LM12CL 80W Operational Amplifier... ....0.0. 0.0... ccc eee eee eee nee | 


LM12CL 80W Operational Amplifier... ... 0.0.0... cc eee teens 
LM12H458 12-Bit Plus Sign Data Acquisition System with Self-Calibration.............. 
LM12L458 12-Bit Plus Sign Data Acquisition System with Self-Calibration.............. 

LM20 2.4V, 10uA, SC70, micro SMD Temperature Sensor...............06. Pe ee 
LM34 Precision Fahrenheit Temperature Sensor... .. 0.0.0... es 
LM35 Precision Centigrade Temperature SenSor.............. 000 e eee eee aaeswate ae | 
LM45 SOT-23 Precision Centigrade Temperature Sensor........... Mantes % eve ears 
LM50 SOT-23 Single-Supply Centigrade Temperature Sensor................ nds aitaoh alate 
LM56 Dual Output Low Power Thermostat. .........0 0000 c eee eee eee ete eens 
LM60 2.7V, SOT-23 Temperature SensOr..... 0... ce ee eee eens 

LM61 2.7V, SOT-23 or TO-92 Temperature Sensor. .........00 cece eee ete eee 


LM62 2.7V, 15.6mV/deg C, SOT-23 Temperature Sensor. ..........0 0. cee ees 3 


LM66 Dual Output Internally Preset Thermostat..........0 0.0... c cece eee 
LM70 SPI/MICROWIRE 10-Bit plus Sign Digital Temperature Sensor................0. 
LM74 SPI/MICROWIRE Digital Temperature Sensor. ........... 000 cee eee eee 
LM75 Digital Temperature Sensor and Thermal WATCHDOG with Two-Wire Interface..... 


LM76 +0.5°C, +1°C 12-Bit + Sign Digital Temperature Sensor and Thermal Window 
Comparator with Two-Wire Interface. ........... 000 cece eee eee eee 


LM77 9-Bit + Sign Digital Temperature Sensor and Thermal Window eoiieeraier with 
TWO-WITG: INIGUACES i.64n a oa as thee ee ee REA cee dee eRe ead 


LM78L05 3-Terminal Positive Regulators. ..... 0... 00 eens 
LM78L09 3-Terminal Positive Regulators.......... 0.0.0 cc eee eens 
LM78L12 3-Terminal Positive Regulators. ...... 0.0... 0 cece eee 
LM78L15 3-Terminal Positive Regulators........ re ee ee ee ee ee 
LM78L62 3-Terminal Positive Regulators Oe ee rere ede dea ae a kta aah con cee p leat 
LM78L82 3-Terminal Positive Regulators............ $e ee ee ea Sacra aes cesar aoe 
LM78M05 3-Terminal Positive Voltage Regulators............ 0.00 cee eee ee 
LM78M12 3-Terminal Positive Voltage Regulators............ 0.00: eee ee ee 
LM78M15 3-Terminal Positive Voltage Regulators. .......... 0.0 cee eee eee: 
LM78MXX Series 3-Terminal Positive Regulators. ....... 00... ec eee 
LM78XX Series Voltage Regulators................0008. ie Shay ieee Eee tin ae Gin gates 
LM79 SERIES 3-Terminal Negative Regulator............ 0000 cece es 
LM79LXXAC Series 3-Terminal Negative Regulators. .......... 0... cece eee ee - 
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LM79M Series 3-Terminal Negative Regulators. ......... 0.0. cee ees 16-31 
LM80 Serial Interface ACPI-Compatible Microprocessor System Hardware Monitor....... 12-33 
LM81 Serial Interface ACPI-Compatible Microprocessor System Hardware Monitor....... 12-36 
LM82 Remote Diode and Local Digital Temperature Sensor with Two-Wire Interface...... 12-40 
LM83 3 Diode Input ACP! Compatible Digital Temperature Sensor with Two-Wire Interface. 12-43 
LM84 Diode Input Digital Temperature Sensor with Two-Wire Interface................. 12-46 


LM87 Serial interface System Hardware Monitor with Remote Diode Temperature Sensing. 12-49 
LM92 +0.33°C Accurate, 12-Bit + Sign Temperature Sensor and Thermal Window 


Comparator with Two-Wire Interface. ....... 0.0... ccc cee tee tees 12-52 
LM101A Operational Amplifier... . 2.0.0... 00... cc eee eee ees 1-41 
LMI105: VOlAgGe REQUIBIOISy 6.2.05. 4.5 bs bee bite Se whee Oe eee eee See we 16-6 
EM 109+9-VOll ReEQUlalOh sities. 8 dt amas aw ent ee ada awe ee Re eee 16-7 
LM 11t Voltage Comparalor.s15 hee Seer eee ele ok een 3h Hames Sax ees 5-6 
LM117 3-Terminal Adjustable Regulator........... 2.0.0.0. 0 cee eee 16-8 
LM117HV 3-Terminal Adjustable Regulator............ 20.0... cee ees 16-9 
LM118 Operational Amplifier... 0.0.0... 0... eee eee e eens 1-44 
LM119 High Speed Dual Comparator......... 0.0.0.0 ccc eee eee 5-10 
LM123 3-Amp, 5-Volt Positive Regulator........0.. 0... 0c ccc ete ees 16-11 
LM124 Low Power Quad Operational Amplifier...................005. Besataca ey iecas ok oe 1-48 
LM129 Precision .R@lCrenCey. oss 02 ods et en ee ew 4 eae We oS eee 15-10 
LM133 3-Ampere Adjustable Negative Regulator............. 0.0. cece eee eee 16-12 
LM134 3-Terminal Adjustable Current Source. ... 0.0.0.0... 0c eee eee 15-14 
LM134 3-Terminal Adjustable Current Source. ... 0.0.0.0. 0c eee eee 12-54 
LM135 Precision Temperature Sensor... ...... 00. ee eee eee eee 12-55 
LM135A Precision Temperature Sensor... ...... 0.0.0. ee ee eee ee eee 12-55 
LM136-2.5 Voltage Reference Diode... ........ 0... cc ee ete eens 15-15 
LM136-5.0 5.0V Reference Diode. ......... 0... 0c eee eee eens 15-17 
LM137 3-Terminal Adjustable Negative Regulator.............. 0.000: c eee eee eee 16-13 
LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage)................... 16-14 
LM138 5 Amp Adjustable Regulator....... 0... 0000 ees 16-15 
LM139 Low Power Low Offset Voltage Quad Comparator..............000 cee eee eee 5-13 
LM146 Programmable Quad Operational Amplifier.......... 0.0.0.0. eee eee eee 1-56 
LM148 Series Quad 741 Op Amp.............0 00 eee ees 1-59 
LM149 Wide Band Decompensated (Ay (win) Equal 5)... 6... eee ee 1-59 
LM150 3-Amp Adjustable Regulator........0 0.0.0.0 ccc ees 16-17 
LM158 Low Power Dual Operational Amplifier................ 00.00 1-62 
LM160 High Speed Differential Comparator... ....... 00.0. eee ees 5-17 
LM161 High Speed Differential Comparator...........0 0.0.0. eee eee 5-20 
LM185 Adjustable Micropower Voltage Reference............ 0.0.0 ees 15-19 
LM185-1.2 Micropower Voltage Reference Diode............. 2.0... ce eee ee 15-21 
LM185-2.5 Micropower Voltage Reference Diode............... 0.002: eee eee 15-23 
LM193 Low Power Low Offset Voltage Dual Comparator............. 0.000 eee eee 5-23 
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LM195 Ultra Reliable Power Transistor.................. ee ee eee eae a 11-8 
LM199 Precision Reference.......... Pad Bok. Gh ear eee ne anion as cinteiwdedaee aig 15-12 
LM201A Operational Amplifier.........5... 068.0000. Magis inte ome PD aclc ies gia aues Sida 1-41 
LM211 Voltage Comparator...... Odes Heed Bubs ee eer Sri ieeee artes ie we eae ate 5-6 
LM218 Operational Amplifier.................. Siw eee tee ar idea a eae eeus ph NS cea 1-44 
LM219 High Speed Dual Comparator........... oe ee Sa cue ate manses dred tee Bia 5-10 
LM224 Low Power Quad Operational Amplifier.................00005 ewe dev eecces 1°48 
LM231 Precision Voltage-to-Frequency Converter............ Cee ee eae ee er ee 11-7 
LM231A Precision Voltage-to-Frequency Converter........... eae Mana eno Sect ee ae “11-7 
LM234 3-Terminal Adjustable Current Source..............2.005. ee eee hoe Ceaaeees 15°14 
LM234 3-Terminal Adjustable Current Source............ 000s e eee e eee eee ee ees 12-54 
LM235 Precision Temperature Sensor. ... 0.00.00. cece cece ee ee eee ees ee ere: 12-55 
LM235A Precision Temperature Sensor. .........0 000. ees say eecetas teee 12-55 
LM236-2.5 Voltage Reference Diode. ........... 0... cece eee ee eee eee ee 15°15 
LM236-5.0 5.0V Reference Diode. .......... 0.00: e eee e eee e eee adevotedenes, 1O-tr 
LM239 Low Power Low Offset Voltage Quad Comparator..................0000. ‘eke wells 
LM248 Quad 741 OpAMp........ 00.0 c cece eee ee teens an ceaewe oe weveeeee 1°59 
LM258 Low Power Dual Operational Amplifier........... Gee baat ae Aes eee ees. “1202 
LM285 Adjustable Micropower Voltage Reference........ ba deedlasaies Reese eke wee. = 15-19 
LM285-1.2 Micropower Voltage Reference Diode..................+-.- eer eres: eee. 1OUZA 
LM285-2.5 Micropower Voltage Reference Diode..........0. 00000005. eee vesaee 15-23 
LM293 Low Power Low Offset Voltage Dual Comparator..............00 000 e eee eee 5-23 
LM299:. Precision RelCrGNCe: #5 .12.e ce HARA ee CEES Reet ee ei ee eae oe eee dS 15-12 
LM301A Operational Amplifier.......0. 00000000 ccc cc ee eee teens aivess = 144 
LM305 Voltage Regulators. .. 0... 0... ccc cc eet ete e eee eens bes wie 16-6 
LMS305A Voltage Regulators. ......... 00.0 cece eee eee eee Peiadt ees tisha ee 16-6 
LM309 5-Volt Regulator..... Gin ul ahaa cath Sptettey 2 Sato desah Sate aoone peteci ach & tu ataiags .. 16-7 
LM311 Voltage Comparator................-. ee Pe ee eee eer ee «5-6 
LM317 3-Terminal Adjustable Regulator....... ee ee ee ee ee bias euces Be 16-8 
LM317A 3-Terminal Adjustable Regulator.........0. 0.0.00 ee eee eee eee = 16-8 
LM317HV 3-Terminal Adjustable Regulator............ 0.0.00 c cece eee eee Cat aes 16-9 
LM317L 3-Terminal Adjustable Regulator............. Said toca. lw Hele NAS ae eee Se 16-18 
LM318 Operational Amplifier... 0.0.0.0... 0000: e eee ee eee cio iadeeaeee eae 
LM319 High Speed Dual Comparator.................200-- acs Sees ere ee ~ 5-10 
LM320L Series 3-Terminal Negative Regulators.................. i LRG siete iGo eee: 16-20 
LM323 3-Amp, 5-Volt Positive Regulator............ ee eee era te aces oo eee 16-11 
LM323A 3-Amp, 5-Volt Positive Regulator.......... teak Ag wbeanmnaarent a Te dia antl ania eatitece VOT DL 
LM324 Low Power Quad Operational Amplifier..................... Pete destan ty 4 veeseaee 1°48 
LM325 Dual Voltage Regulator........ benusiias aes Be Sarees acetates e fol ite aeeue . 16-21 
LM329 Precision Reference.................. ate aed pee teteh eke ee. VOTO 
LM330 3-Terminal Positive Regulator................0006. eer eee obese arcane Kanee. TO-22 
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LM331A Precision Voltage-to-Frequency Converter.... 0.0.0... 00000 eee eee ee ees 11-7 
LM333 3-Ampere Adjustable Negative Regulator............. 000. eee ees 16-12 
LM334 3-Terminal Adjustable Current Source............ 0.00.0 cee eee eee ee 15-14 
LM334 3-Terminal Adjustable Current Source... ......0 0.0... eens 12-54 
LM335 Precision Temperature Sensor... . 0.0.0. te eee ee teens 12-55 
LM335A Precision Temperature Sensor... 0... 0.0.0.0 0c cee eee ete ees 12-55 
LM336-2.5 Voltage Reference Diode......... 0.0.0... eee eee 15-15 
LM336-5.0 5.0V Reference Diode. .......... 0... cc te eect eens 15-17 
LM337 3-Terminal Adjustable Negative Regulator............. 0.0... eee 16-13 
LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage)................... 16-14 
LM337L 3-Terminal Adjustable Regulator............ 2.0.0.0. cee 16-23 
LM338 5 Amp Adjustable Regulator......... 20.0.0... ccc eee tenes 16-15 
LM339 Low Power Low Offset Voltage Quad Comparator................00 0c eee eee 5-13 
LM340 Series 3-Terminal Positive Regulators. ......... 00.00. eens 16-16 
LM341 3-Terminal Positive Voltage Regulators............0 0.006. ee 16-24 
LM346 Programmable Quad Operational Amplifier............0..0 0.0.00. eee eee 1-56 
LM348 Quad 741 OpAMp.......... 0... ee eee eee OO, tte, ened Sahai ees 1-59 
LM350 3-Amp Adjustable Regulator....... 0.0.0.0... cee eee eee 16-17 
LM350A 3-Amp Adjustable Regulator........... 0... 0c ccc eee eens 16-17 
LM358 Low Power Dual Operational Amplifier.......... 0.0.00... c eee eee eee ne 1-62 
LM359 Dual, High Speed, Programmable, Current Mode (Norton) Amplifiers............ 1-67 
LM360 High Speed Differential Comparator... ...... 00.0.0 eee 5-17 
LM361 High Speed Differential Comparator...........0..0 00 ccc ee eee 5-20 
LM380 2.5W Audio Power Amplifier... .....0 20.0.0... cc een ee ete tenes 4-12 
LM384 5W Audio Power Amplifier... 0.0.0... 0.0.00. ce eee eee eee 4-14 
LM385 Adjustable Micropower Voltage Reference. .............0 000 eee ees 15-19 
LM385-1.2 Micropower Voltage Reference Diode...............0 0c cee eee 15-21 
LM385-2.5 Micropower Voltage Reference Diode............ 0... 00sec eee ee 15-23 
LM386 Low Voltage Audio Power Amplifier... ......0. 0.0.00... cc ees 4-15 
LM392 Low Power Operational Amplifier/Voltage Comparator...............000e cease 5-28 
LM392 Low Power Operational Amplifier/Voltage Comparator...............00020005} 1-70 
LM393 Low Power Low Offset Voltage Dual Comparator...................0.40-- wae §=©5-28 
LM395 Ultra Reliable Power Transistor............ 00. cece ee eee eens 11-8 
LM399 Precision Reference. ............ 00. eee eee eee eens ‘54 152 
LM431 Adjustable Precision Zener Shunt Regulator................ 000 cece eee eee 15-42 
LMOD SWING Is, oie ahe ew Bae, Oat euk, Beane hae ee hae. e patna eee & Dee ees 11-11 
LM565 Phase Locked Loop.............:000eeee eee eeee ee eee rn rey ears 4-76 
LM565G Phase Locked LOO) ii. 5.5 ck Saco yp die wank a elt eee eh tee ie ead 4-76 
LM567 Tone Decoder. .......... 0.0.0 Sa he Gm aNe aS Raed we 4-77 
LMS67C: TON6. DECOGOl nani cop eann tals meee ntene CO wh ee eho kane ae cee ea 4-77 
LM611 Operational Amplifier and Adjustable Reference. ...........00000ccc cee eeeean 15-46 
LM611 Operational Amplifier and Adjustable Reference. ........0 000000 c cece eee eae 1-78 
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LM613 Dual Operational Amplifier, Dual Comparator and Adjustable Reference...... ee 
LM613 Dual Operational Amplifier, Dual Comparator and Adjustable Reference. ..... aoe 
LM613 Dual Operational Amplifier, Dual Comparator and Adjustable Reference. ..... ate 
LM614 Quad Operational Amplifier and Adjustable Reference ................... Feat ¢ 
LM614 Quad Operational Amplifier and Adjustable Reference ................... gan 
LM628 Precision Motion Controller... ..... 0.0.0.0 ccc ee eee eee enna 
LM629 Precision Motion Controller.................200055 bite Seno a ee ae: 
LM675 Power Operational Amplifier..........0.0 0.0000 cr 
LM675 Power Operational Amplifier.............0 0000 c cece cece cece eee eens aeurat 
LM723 Voltage Regulator...... vaemacaaace atete a Se Tey rere ee re eer ree sae aaah Bee 
LM723C Voltage Regulator..................0.0-0 05s See ee ee ee ee ee eT 
LM725 Operational Amplifier................ 00.200 e ee eee PE ee ee eee | 
LM741 Operational Amplifier... ......0.0..0 00.000 cee cee eee b areihaaetanir ta auicers , 
LM809 3-Pin Microprocessor Reset Circuits. .......0. 0.000 ccc ee 
LM810 3-Pin Microprocessor Reset Circuits.................0.-- ee ee ee Cee 
LM828 Switched Capacitor Voltage Converter..................--- cae, ee eee ee | 
LM833 Dual Audio Operational Amplifier... ........0.0.0. 00 ccc ee ees 
LM833 Dual Audio Operational Amplifier..................0055 id Ss Marte Aah Bea Ras eet 
LM837 Low Noise Quad Operational Amplifier................... eee inde cace ene eee eee 
LM837 Low Noise Quad Operational Amplifier................. ee eee ee ee 
LM1036 Dual DC Operated Tone/Volume/Balance Circuit. .... Se SOs eile eee cee a 


LM1084 5A Low Dropout Positive Regulators. ........... 0.0.00 cece eee ne 


LM1085 3A Low Dropout Positive Regulators. ........... 0.00. ee | 
LM1086 1.5A Low Dropout Positive Regulators................... aeeaee rt sia. 6 are 


LM1117 800mA Low-Dropout Linear Regulator......... 0.0... ee 


LM1253A Monolithic Triple 180MHz I?C CRT Pre-amp With Megat Analog On Screen 
Display (OSD) Generator... 0.0.0... 00. cc ee ees bhiten pete Fonieciens emia 


LM1279 110 MHz RGB Video Amplifier System with OSD............ 2.000002 ee eee 
LM1281 85 MHz RGB Video Amplifier System with On Screen Display (OsD). bee ea tee ve 
LM1282 110 MHz RGB Video Amplifier System with On-Screen Display (OSD). ......... 
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LM1458 Dual Operational Amplifier........ Sah acd ares Sth Ged ano Bude Athen DS ede eat 
LM1558 Dual Operational Amplifier... . 0.0.0.0... 0.0. cc eee eens 
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LM1577 SIMPLE SWITCHER Step-Up Voltage Regulator.................... bd Bose aaaMe 
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Mute and Standby Modes. ........0.00 ccc cece cece eee e eee e steep eee e eee nes 


LM1877 Dual Audio Power Amplifier.................00- Ba at Sue ee cesteaee See BG 
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LM1973 Micro-Pot 3-Channel 76 dB Audio Attenuator with Mute...................08. 4-68 
LM2202 230 MHz Video Amplifier System. ........0. 0.0.00 ee ee eee ee 13-8 
LM2402 Monolithic Triple 3 nsec Driver............ 0.0.00 0000 cc cee eee es 13-14 
LM2403 Monolithic Triple 4.5 ns CRT Driver......... 0.0.0.0. ce eee 13-15 
LM2405 Monolithic Triple 7 ns CRT Driver........... 0.0.0.0 ccc eee ee es 13-16 
LM2407 Monolithic Triple 7.5 ns CRT Driver......... 0.0.0.0... ccc ee ee ee 13-17 
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LM2435 Monolithic Triple 5.5 ns CRT Driver... . 0.0.0.0... 0c ce eee 13-20 
LM2437 Monolithic Triple 7.5 ns CRT Driver... ...... 0.0000. cc eee te 13-21 
LM2438 Monolithic Triple 13.5 ns CRT Driver... 0.0... 20.0.0... eee 13-22 
LM2439 Monolithic Triple 9.5 ns CRT Driver... 0.0.0... 0.0.00. eee eee 13-23 
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LM2524D Regulating Pulse Width Modulator............0 0.0.0.0 c ccc eee ees 18-13 
LM2574 SIMPLE SWITCHER 0.5A Step-Down Voltage Regulator..................... 18-14 
LM2574HV SIMPLE SWITCHER 0.5A Step-Down Voltage Regulator.................. 18-14 
LM2575 SIMPLE SWITCHER 1A Step-Down Voltage Regulator...............002005, 18-9 
LM2575HV SIMPLE SWITCHER 1A Step-Down Voltage Regulator...................4. 18-9 
LM2576 SIMPLE SWITCHER 3A Step-Down Voltage Regulator...................04. 18-16 
LM2576HV SIMPLE SWITCHER 3A Step-Down Voltage Regulator................ oe... 18-16 
LM2577 SIMPLE SWITCHER Step-Up Voltage Regulator............. 0.000 e eee eee 18-12 
LM2578A Switching Regulator...... 0.0... 0. ee eens 18-18 
LM2585 SIMPLE SWITCHER 3-Amp Flyback Regulator............ 0.0.00 cece eee 18-19 
LM2586 SIMPLE SWITCHER 3-Amp Flyback Regulator................20.00000000- 18-20 
LM2587 SIMPLE SWITCHER 5A Flyback Regulator..................... Sasa ee 18-22 
LM2588 SIMPLE SWITCHER 5A Flyback Regulator with Shutdown................... 18-23 
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FAS UL ALO le ia eter pom atin ede olen en bags teh OS ts aoe eee had Be eh ea itd 18-25 
LM2594HV SIMPLE SWITCHER Power Converter 150 kHz 0.5A Step-Down Voltage 

FACOU QLOM spcstyire tears. oe tied aren khakis Renan ee Mae See oat eae RS ee th aidtew Sea eee 18-25 
LM2595 SIMPLE SWITCHER Power Converter 150 KHz 1A Step-Down Voltage 

PRC QUICNOMS snc Sree ue te ae wae Cee idee ha hates dot base ook ard as bGstteed ete el Behe 18-27 
LM2596 SIMPLE SWITCHER Power Converter 150 KHz 3A Step-Down Voltage 

PI COUIAIONS Gs re toed Dancers US oie awk ale lois seen Min wa ae we Oey red Ka eee Gate E 18-29 
LM2597 SIMPLE SWITCHER Power Converter 150 kHz 0.5A Step-Down Voltage 

PRS IANO Mice 2G cen Mecca wet Selah ar a tte We ak ended ees ea IRS BGA naw tae 18-31 
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meguiator, WIN FCalUTeS a occu Seem eewe tok ea Cw dew ed ee Sas et ee ee Se hdd des 8 18-31 
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PeGuUIatON, Wit FCaIUVeS. cs. 6003-5 ve o.d ari Gene bomen ard Rak BE eee @ bere ae RR are 18-32 
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WI FCAUICS <4 oes id chit Ae cook ert ais See ee re Bia ee Boles We Fai BE Ahi ee Setece 18-34 
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LM2621 Low Input Voltage, Step-Up DC-DC Converter. ............. 20.0000 cee eee 
LM2636 5-Bit Programmable Synchronous Buck Regulator Controller.................. 
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LM2675 SIMPLE SWITCHER® Power Converter High Efficiency 1A Step-Down pVolege 
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LM2676 SIMPLE SWITCHER® High Efficiency 3A Step-Down Voltage Regulator Pareshceck oe | 
LM2677 SIMPLE SWITCHER® High Efficiency 5A Step-Down Voltage Regulator with 


LM2678 SIMPLE SWITCHER® High Efficiency 5A Step- Down Voltage Regulator. ere eee ane 1 


LM2679 SIMPLE SWITCHER® 5A Step-Down Voltage Regulator with Adjustable Current | 
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LM2766 Switched Capacitor Voltage Converter.......... 0.0.0 ccc eee eee ees 19-18 
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AMDiler WIMULG:S «shia ohucaw eishew Sede eek ee ar eee Ss eet lee tee oe Sekt 4-10 
LM2901 Low Power Low Offset Voltage Quad Comparator............ 0.00.0 eee eee 5-13 
LM2902 Low Power Quad Operational Amplifier.......... 0.0.0... eee eee ee eee 1-48 
LM2903 Low Power Low Offset Voltage Dual Comparator.......... 0.00000 ce eee eee 5-23 
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LM2931 Series Low Dropout Regulators. ........0 0.00. ee eee 17-19 
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LM2940C 1A Low Dropout Regulator. ....... 0.0... cee eee eens 17-33 
LM2941 1A Low Dropout Adjustable Regulator.......... 0.0.0.0 cc cece eee eee '17-35 
LM2941C 1A Low Dropout Adjustable Regulator........... 0... 00 cc eee eee 17-35 
LM2984 Microprocessor Power Supply System. ......... 0... ccc ee eee 17-36 
LM2990 Negative Low Dropout POQUIAION nt eee t.5 te tte Paes is See ke ee eS 17-37 
LM2991 Negative Low Dropout Adjustable Regulator...................... es ele 17-39 
LIVISOAG: VIANMSISION AIMOY 5 << iat dese Sia echt be Oe a ee ee eae bee ek te 11-10 
LM3302 Low Power Low Offset Voltage Quad Comparator.......... 0.000000 cee eee 5-13 
LM3350 Switched Capacitor Voltage Converter... 1.0.0... 0... eee eee 19-22 
LM3351 Switched Capacitor Voltage Converter... ........ 0.00 cece ee ees 19-23 
LM3352 Regulated 200 mA Buck-Boost Switched Capacitor DC/DC Converter.......... 19-24 
LM3411 Precision Secondary Regulator/Driver.......... Fa Sia and te fe aye dare pees 14-9 
LM3420-4.2 Lithium-ion Battery Charger Controller............ 0.0... e eee eee 11-29 
LM3420-8.2 Lithium-lon Battery Charger Controller... .. Pau edeeen a eeabeee os ae 11-29 
LM3420-8.4 Lithium-lon Battery Charger Controller.......... 0.0.6. ec eee cee eens 11-29 
LM3420-12.6 Lithium-lon Battery Charger Controller... . . aasuntes Ded deltted atiweeesten NAMES 
LM3420-16.8 Lithium-lon Battery Charger Controller.............000000e0eeee: ae 11-29 
LM3460 Precision Controller for GTLp and GTL Bus NGMMINAUON ateewsresaattcencaus 4 7-41 
LM3478 High Efficiency Low-Side N-Channel Controller for Switching Regulator......... 18-76 
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LM3488 High Efficiency Low-Side N-Channel Controller for Switching Regulator......... 18-78 
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LM3525 Single Port USB Power Switch and Over-Current Protection.................. 11-53 
LM3526 Dual Port USB Power Switch and Over-Current Eioleclon cua cepaeslatte i ehi is deh tect 11-55 
LM3578A Switching Regulator...............00 02 e eee eee ere eer er ee Pee nae 18-18 
LM3620 Lithium-lon Battery Charger Controller...................2.. pete ta arse ae este 6 11-31 
LM3621 Single Cell Lithium-lon Battery Charger Controller.................05- ee 11-33 
LM3622 Lithium-lon Battery Charger Controller......... 0.0... 00 cc cece eee eee ees 11-35 
LM3647 Universal Battery Charger for Li-lon, Ni-MH and Ni-Cd Batteries............... 11-38 
LM3812 Precision Current Gauge IC with Ultra-Low Loss Sense Element and PWM | 

Output, for High-Side Sensing. ......... 0.0. eee eee eee Edits ied Une ANA aN 14-11 
LM3813 Precision Current Gauge IC with Ultra Low Loss Sense Element and PWM 

Output, for Low-Side Sensing. .......... 00: eee eee eens Bae aes 14-11 
LM3814 Fast Current Gauge IC with Ultra-Low Loss Sense Element and PWM Output, for 

Fiidh Side: SenSING. ..vews.2bse oun hel Ee Ge Ow ee Men eee Sie Ve eee ee 14-13 
LM3815 Fast Current Gauge IC with Ultra Low Loss Sense Element and PWM Output, for 

POW SING SENSING! chcc onc ge eretees mde dc a lee pated eee ng sae re ke ee eae es 14-13 
LM3822 Precision Current Gauge IC with Internal Zero Ohm Sense Element and PWM — 

OUND UIE: 24.0 2s. ae ccd ace Hh wale Oe aes alee he Duras a BIN Saha Bare Re ee Bs 14-15 
LM3824 Precision Current Gauge IC with Internal Zero Ohm Sense Element and PWM 

UU is 2 oe Seta a tre ee a wee yr Ge nae eS piditeees te Read Ae eels teeta’ Snot ataNG Aree fed aunt hae 14-17 
LM3875 Overture Audio Power Amplifier Series High-Performance 56W Audio Power 

APU Ol % rtis a ema eee abe snark oa pre GS Pa Ede ane BE GEES GE pried a a ee 4-16 
LM3876 Overture Audio Power Amplifier Series High-Performance 56W Audio Power he. 

AMPUTIER WITT MULE. tia uta heal eos nea tien ne Rea maces aul gn Were ae yc 4-18 
LM3886 Overture Audio Power Amplifier Series High-Performance 68W Audios Power _ 

AMDUNGN Wit MUO: 6s ie a. sre ane Stan ge ae oo bby a pen Sig eae Rents 2. iw Ate ew Gee e Be 4-20 
LM3914 Dot/Bar Display Driver... ........ 0.0 cc ee eee eee eens 4-69 
LM3915 Dot/Bar Display Driver...................5. eT oe ee ee eee cere 4-71 
LM3916 Dot/Bar Display Driver.......... Beas faucet eae atone Aad oa weed 4-73 
LM3940 1A Low Dropout Regulator for 5V to 3.3V Conversion..............-.++.+0. 17-47 
LM3999 Precision Reference......... thet coset senate Ae cba sae ae 15-12 
LM4040 Precision Micropower Shunt Voltage Reference. ..........0..000c0ce eee eeeee 15-25 
LM4041 Precision Micropower Shunt Voltage Reference...............0 ccc eee eee eee 15-28 
LM4050 Precision Micropower Shunt Voltage Reference............. Suc ders eae eid Guns 15-30 
LM4051 Precision Micropower Shunt Voltage Reference. ......... 0.00.0 ce eee e ee eres 15-32 
LM4120 Precision Micropower Low Dropout Voltage Reference.......... Acs dsl dvi God 15-34 
LM4121 Precision Micropower Low Dropout Voltage Reference............... shag tape 15-36 
LM4130 Precision Micropower Low Dropout Voltage Reference. .... aisha nia ebe ded eleciNay ake 15-38 
LM4140 High Prceision Low Noise Low Dropout Voltage Reference panei feat Mah edad 15-40 
LM4250 Programmable Operational Amplifier............ Pee eee ere .. 1-73 
LM4431 Micropower Shunt Voltage Reference. .......... 0. cece ete e teen teens 15-45 
LM4540 AC ’97 Codec with National 3D Sound............. 000 cece eee eee eee eas 4-90 
LM4543 AC ’97 Codec with National 3D Sound. ..........0..00c cece eee ee es wees 491 
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LM4546 AC ’97 Rev 2 Codec with Sample Rate Conversion and National 3D Sound..... 4-93 
LM4548 AC ’97 Rev 2 Codec with Sample Rate Conversion and National 3D Sound..... 4-94 
LM4549 AC ’97 Rev 2.1 Codec with Sample Rate Conversion and National 3D Sound.... 4-95 
LM4610 Dual DC Operated Tone/Volume/Balance Circuit with National 3-D Sound....... 4-75 
LM4651 Overture Audio Power Amplifier Series 170W Class D Audio Power Amplifier 

SO UON eas Bid, ate aie ee stds ghee cla naan Bell aaah Acer dosh cane debs too ih dietteprtavia. beaeevonei oe Spare 4-22 
LM4652 Overture Audio Power Amplifier Series 170W Class D Audio Power Amplifier 

SOMUMOM so. u Gots dose dis starts oe Deed gum Rasen hain ace Neh et tee ad ane eM ath Be ech ae 4-22 
LM4663 2W Stereo Class D Audio Power Amplifier with Stereo Headphone Amplifier. ... . 4-23 
LM4700 Overture Audio Power Amplifier Series 30 Watt Audio Power Amplifier with Mute 

and: Standby MOdGS:.<2: 5 6.adw ducers idwd cee ee ga todaw tied Baderenasatatawnes 4-24 
LM4701 Overture Audio Power Amplifier Series 30 Watt Audio Power Amplifier with Mute 

and SlIANODy MOC a nck = Ast ec wc detache Bed bed Raw Sarees hd 4 Ba Relates aAM 4-25 
LM4752 Stereo 11W Audio Power Amplifier...........0.0 00.000 c cee eee eee 4-26 
LM4753 Dual 10W Audio Power Amplifier w/Mute, Standby and Volume Control......... 4-27 
LM4755 Stereo 11W Audio Power Amplifier with Mute................ 0.00000 cece 4-29 
LM4765 Overture Audio Power Amplifier Series Dual 30 Watt Audio Power Amplifier with 

Mute and Standby Modes. ......... 0.0.00. ee eee eee teen tee eee 4-30 
LM4766 Overture Audio Power Amplifier Series Dual 40 Watt Audio Power Amplifier with 

WSL uty Gia os ate A Oe ae wee ea ete eatin a eo ia, aun eie. Ang eaean aoa acacains 4-31 
LM4808 Boomer Audio Power Amplifier Series Dual 150 mW Headphone Amplifier....... 4-32 
LM4830 Two-Way Audio Amplification System with Volume Control.................65. 4-33 
LM4831 Boomer Audio Power Amplifier Series Mulitmedia Computer Audio Chip......... 4-35 
LM4832 Boomer Digitally Controlled Tone and Volume Circuit with Stereo Audio Power 

Amplifier, Microphone Preamp Stage and National 3D Sound....................-. 4-36 
LM4834 Boomer Audio Power Amplifier Series 1.75W Audio Power Amplifier with DC 

Volume Control and Microphone Preamp............... 000 ee eee eee eee eee 4-37 
LM4835 Boomer Audio Power Amplifier Series Stereo 2W Audio Power Amplifiers with DC 

Volume Control and Selectable Gain. ........0. 00.0 ee eee ees 4-38 
LM4836 Boomer Audio Power Amplifier Series Stereo 2W Audio Power Amplifiers with DC 

Volume Control, Bass Boost and Input Mux... ...... 0.00.00. cee eee 4-39 
LM4850 Boomer Audio Power Amplifier Series Mono 1.5 W / Stereo 300 mW Power 

PMD NG lis G3 eee aban cet ana ees hese ogee. Pah etna ave wa Baie eae ace Sra ean 4-40 
LM4860 Boomer Audio Power Amplifier Series 1 Watt Audio Power Amplifier with 

SNULGOWN NOUE: bic antieie die acs weather aes ee ac doa ae 4-42 
LM4861 Boomer Audio Power Amplifier Series 1.1W Audio Power Amplifier with Shutdown 

WOO 5, sich Aca fag ce eee ats id cae dha Rees acnnccninaciac te Pa Gace as a day i aes te eee can alice ane es 4-43 
LM4862 Boomer Audio Power Amplifier Series 675 mW Audio Power Amplifier with 

Shutdown Mode. ......... 000 cece eee eee eee Soh aro die masks waar oR wet ies etal 4-44 
LM4863 Boomer Audio Power Amplifier Series Dual 2.2W Audio Amplifier Plus Stereo 

FICAUDNONG: FUNCION-64lvos tak be ees Oe wate cawree aie ite eee Saeed 4-45 
LM4864 Boomer Audio Power Amplifier Series 300 mW Audio Power Amplifier with 

SMUIGOWN MOCO ies. co dence cn wate ane doh cane eet acme dia Mee aio eh Gace eager aS eee ek 4-47 
LM4865 Boomer Audio Power Amplifier Series 750mW Audio Power Amplifier with DC 

Volume Control and Headphone Switch. ....... 0.0... 00. ccc eee eee eens 4-48 
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LM4873 Boomer Audio Power Amplifier Series Dual 2.1W Audio Amplifier Plus Stereo | | 

 MCAIPNONG-F UNCON teccat win ceils kids ewChe ted Hees el ohau Aaa ey Ree ee 4-52 
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SHUI OWI WO Ge rahe ote pecans Sing aca at aig teonaced che wR Acie ASI ae Sea eran a Aba eS 4-56 
LM4881 Boomer Audio Power Amplifier Series Dual 200 mW Headphone Amplifier with 
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LM4882 Boomer Audio Power DES Series 250 mW Audio Power ena with 
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LM6121 High Speed BUICK? 03-8 a0 cardi sp aila sean ASA A Se Soh at ee a ee 2-103 
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LM6134 Quad Low Power 10 MHz Rail-to-Rail I/O Operational Amplifier............... 1-87 
LM6142 Dual High Speed/Low Power 17 MHz Rail-to-Rail I/O Operational Amplifier...... ~ 1-94 
LM6142 Dual High Speed/Low Power 17 MHz Rail-to-Rail I/O Operational Amplifier...... 4-85 
LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail !/O Operational Amplifier... . . 1-94 
LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail |/O Operational Amplifier. ... . 4-85 
LM6152 Dual and Quad 75 MHz GBW Rail-to-Rail /O Operational Amplifiers........... 1-97 
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LM6161 High Speed Operational Amplifier................... ee ee ae ee ee ee 2-105 
LM6162 High Speed Operational Amplifier... ........00. 0.6 ccc ee eee 2-106 
LM6164 High Speed Operational Amplifier............. CLdm Rico aweas, ieee Maw 2 lOr 
LM6165 High Speed Operational Amplifier... 0.0.0.0... 00.000 c ee eee eee 2-108 
LM6171 High Speed Low Power Low Distortion Voltage Feedback Amplifier............ 2-109 
LM6172 Dual High Speed, Low Power, Low Distortion Voltage Feedback Amplifiers...... 2-111 
LM6181 100 mA, 100 MHz Current Feedback Amplifier..........0....0ccceeeeee. we. 2-113 
LM6182 Dual 100 mA Output, 100 MHz Current Feedback Amplifier................... 2-114 
LM6218 Fast Settling Dual Spetniione) AMPINGE «2.5.4 canes eer eee renee ts besa 1-100 
LM6221 High Speed Buffet... 2... a oa ce te eee eee eee nee eee ted eee eaw rae 2-103 
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LMC6064 Precision CMOS Quad Micropower Operational Amplifier.............. re 1-176 
LMC6081 Precision CMOS Single Operational Amplifier............. Ae sey ena anes 1-180 
LMC6082 Precision CMOS Dual Operational Amplifier..................2200005 bce eee 1-184 
LMC6084 Precision CMOS Quad Operational Amplifier.......... 0.0.0.0 0c ee eens .. 1-188 
LMC6442 Dual Micropower, Rail-to-Rail Output Single Supply Operational Amplifier...... 1-192 


LMC6462 Dual Micropower, Rail-to-Rail Input and Output CMOS Operational Amplifier... 1-197 
LMC6464 Quad Micropower, Rail-to-Rail Input and Output CMOS Operational Amplifier... 1-197 


LMC6482 CMOS Dual Rail-to-Rail Input and Output Operational Amplifier........... 1... 1-202 
LMC6484 CMOS Quad Rail to Rail Input and Output Operational Amplifier... .. taeeeaese 1-207 
LMC6492 Dual CMOS Rail-to-Rail Input and Output Operational Amplifier.............. 1-212 
LMC6494 Quad CMOS Rail-to-Rail Input and Output Operational Amplifier............. 1-212 
LMC6572 Dual Low Voltage (2.7V to 3V) Operational Amplifier...........0........05. 1-216 
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LMC7225 Micro-Power, Rail-to-Rail CMOS Comparators with Open-Drain/Push-Pull 

Outputs and TinyPak Package. ....... 0... cece eee ee eee eee es 5-50 
LMC7660 Switched Capacitor Voltage Converter....... 0.0.0.0 cece eee eee 19-27 
LMC8101 Rail-to-Rail Input and eh ik 2.7V Op aes in micro SMD package with — . 

ICEL OWI) isserne heat ca tcc eecincthc ed tanepe Sh ay tt eee aloe. ergs nase ee hein ser ad AR we AR A Rea 1-240 
LMD18200 3A, 55V H-Bridge............ § acdumcetuists te Gort idea chee re tee gtd ga ea ens 11-46 
EMDIS20T SAY SOV HBNd0G ag tiie oda yeaah a yen aaa es ees ear enceeahs 11-48 
LMD18245 3A, 55V DMOS Full-Bridge Motor Driver............. botaa hea eeeeied eeeioe 11-50 
LMF100 High Performance Dual Switched Capacitor Filter............... eee ecer es 11-15 
LMS1585A 5A and 3A Low Dropout Fast Response Regulators............-..0.+-05. 17-49 
LMS1587 5A and 3A Low Dropout Fast Response Regulators. .. . . each bakes ete 17-49 
LMS8117 1A Low-Dropout Linear Regulator. .........0 0000 c cece cece eee cence 17-52 
LMV101 Fixed-Gain Amplifiers. ..........00ccccccecceucceueeeuseeuueeues ener 1-246 
LMV102 Fixed-Gain Amplifiers. . 2. .c60..seee.ceeee eens ee dae tbe deena eae 1-246 
LMV105 Fixed-Gain Amplifiers....... ee ee re eee 1-246 


LMV110 Fixed-Gain Amplifiers............. 0.00 cece eee eee eee aes Seer eee ... 1-246 


www.national.com lii 


Alpha-Numeric Index  ontnues 


LMV111 Operational Amplifier with Bias Network...........0. 0.0000 c eee eee eee 1-249 
LMV321 Single General Purpose, Low Voltage, Rail-to-Rail Output Operational Amplifiers. 1-252 
LMV324 Quad General Purpose, Low Voltage, Rail-to-Rail Output Operational Amplifiers... 1-252 


LMV331 Single General Purpose, Low Voltage, TinyPak Comparator.................. 5-57 
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OUTOUT 285 eases 3 Seacenaccice cna ok et Besa Sees se a A ee ane ve aes wee ee es 1-272 
LMV922 Dual 1.8V, 1MHz, Low Power Operational Amplifiers with Rail-To-Rail Input and 
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LP2987 Micropower, 200 mA Ultra Low-Dropout Voltage Regulator with Programmable — 


Power-On Reset Delay; Low Noise Version Available (LP2988)..................... 17-96 
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LP3961 800mA Fast Ultra Low Dropout Linear Regulator............. 0.000 c eee eee. 17-105 
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Specifications at T, = 25°C @ Vg, = +5V. * Typical Output Swing with R, = 2kQ. ** Typical Output Swing with Vo = +2.7V 


Part Number 


LPV321 
LM4250 
LMC6041 
LMC6041A 
LMC6061 
LMC6061A 
LMC7111A 
LMC7111B 
LPC661 
LMV321 
LMV921 
LM611 
LM10 
LMV821 
LMC6001A 
LMC6001B 
LMC6001C 
LMC6081 
LMC6081A 
LMC7101A 
LMC7101B 
LM7301 
LMV751 
LMC8101 
LMC2001 
LM8261 
LMV721 
LMV710 
LMV711 


Low Power/General Purpose Operational Amplifiers 


TABLE 1. SINGLE LOW POWER OPERATIONAL AMPLIFIERS 


Supply Input Offset Input Bias | Common Mode ‘ ; ; 
Cixent Voltage Range Output Swing (V) | Gain Bandwidth Supply Voltage 
- Packages 
Typ with Ry = (Note 1) 
Is (UA) Typ Vos (mV) Max [lb (fA) Typ} CMVR (V) Typ GBW (MHz) Typ | Min (V) Max (V) 


100kQ unless 






oO (=) 
— Ls) 


otherwise Specified 


2 
ioe [6 | oma 50a oe 
aa 
isk 
5 
0 


—_ 
o_, 


1 
1 


Nh 
a 


= 
or 


0 to 3.2 0.8 to 3.6 4 | 86 Jos, M14 


Mos, NO8, HO8 
M7, M5 __ 


inal 
NO 


-0.3 to 4.9 0.015 to 4.9 0.05 | 42 | 


7 
3.5 
1 


Nh 
NI 


3 
3 
7 
7 
3 


; 
~0.3 to 5.35 0.035 to 4.965* 1 fs aloe Sar eee at M7, M5 


— o oO 
oOo 
Nh 
~“ 


2 
1 

0 
0 
2 
0 


j 


ae es 0.4 to 3.1 0.10 to 4.87% 


—_ 
oO 


= 
© 


1000 ~0.4 to 3.1 0.10 to 4.87* 
; Mos, Nos 
Mos, NO8 


5 
5 


14 
14 
20 
20 
25 
55 
130 
160 
300 
300 
450 
450 
450 
450 


7 

5 
2 {[ 0 | 
7 | 5 
: pe Bs 
a 
| fe lel 
0.4 to 3.1 p15 
0.4 to 3.1 | peat 
500 3 4000 ~0.3 to 5.3 | 1 | 
7 0.3 t0 5.3 | | a7 | 
| s | 2 
ae SS 
oa 
5 | 55 | 
5 | 9 
aoe | 
7 | 55 | 

7 


5 


a) 
N 


00 
aes 


; M 
M 


a 
fo) 
o 
iw) 
N 


=a 
foe) 


M5, M08 


0.2 to 4.2 0.55 to 4.9 5 a ae 


~0.4 to 3.1 0.004 to 4.987 0.35 as ee 


700 1000 0.02 to 4.97 BP08, MMO8 
750 3pA 0 to 4 0.03 to 4.97 Mos, M5 
970 1.18yA -0.3 to 5.3 0.07 to 4.87 M5 


ie) 
fh 


1030 
1.17 mA 
1.147mA | 


-0.3 to 4.1 0.046 to 4.962* 10 M7, M5 
4pA -0.3 to 5.3 0.01 to 4.98 5 M5 


4pA -0.3 to 5.3 0.01 to 4.98 5 ee ihc See 


3 
1 
1 
1 
1 
1 
1 
1 
5 
3 
5 
5 


° 
wofololjalolal| = 
ass 
ee oe ee oe ee 2 
~) 
N 


15 
15 
15 
15 
15 
5. 
5 
6 
5 
5 
5 
15 
. 
5 
5 
2 
0 
5 
0 
5 
5 





Operating Temp 
Ranges 
(Note 2) 


CIM 
IM 
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TABLE 2. DUAL LOW POWER OPERATIONAL AMPLIFIERS 


Sperieaions at T, = 25°C @ Vg = +5V. * Typical Output Swing with R, = 2kQ. ** Typical Output Swing with Vs = +2.7V. 


Part Number 


LMC6442 
LMC6442A 
LPV358 
LMC6042 
LMC6042A 
LMC6062 
LMC6062A 
LMC6462A 
LMC6462B 
LMC6572A 
LMC6572B 
LMC6022 
LPC662 
LPC662A 
LMV358 
LM613 
LMV922 
LMV822 
LM6132A 
LM6132B 
LMC662 
LMC662A 
LMC6032 
LMC6035 
LMC6082 
LMC6082A 
LM392 
LMC6482 
LMC6482A 
LMC6492A 
LMC6492B 
LM6142A 
LM6142B 
LMV722 
LM6152A 
LM6152B 






Supply Curent — et cee |e | enenane Packages erating Temp 
Is (HA) Typ Typ | CMVR (\V) Typ otherwise Specified | GBW (MHz) Typ | min qv) | Max (Vv) ete?) (Note 2) 
es ne 7 
ee 
ies Se ee 
5 
8 
p38] 
acres 
mee 









2 


20 


a 
eee 
marae 
<a 
tees 
ee a 


M08, NO8& | 


MMO08, M08 i 


M08, MM08 | 


i 
i 
i 
i 
i 
i 


oe 

Eo 4 
0.96 oe 
Booed 
| 368 
Pe 
based 
| 24 
ae 
Loew 
oe 
Eee! 
ae ee eee 
eee 
ee 
poe 
2 
| 8 
es 
aot 
oe 
oe 
peer 
Ree 
ea! 


a 

ae 

ete 

a 
[saa osmss [ess 
a OO 
a 
Se 
2 
2 OS TL 
[estos [orton 
ee 
2 
[ass [esos [oer 


i 
: 
| 
i 
i 
i 


0.35 

a 

a 

SX 
a 
nO 
ee 
ae aa 


500nA —0.25 to 5.25 0.006 to 4.992 


a] at of oo af aw | wf] ai a Oy;o};oj;o 
ololowl wo wlo)jalaypar ae eee eee ee 
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Low Power/General Purpose Operational Amplifiers 


TABLE 3. QUAD LOW POWER OPERATIONAL AMPLIFIERS 
Specifications at T= = 25°C @ Vg = +5V. * Typical Output Swing with R, = 2kQ. ** Typical Output Swing with Vs = 42. 7V 


oe | Input Offset Input Bias }- Common Mode 
oe | Voltage Current eee Range Cutpae Swing (| Gain Bandit | | Gain Bandit | Bancwigin Supply vortage Pack Operating Temp 
ackages 
Part Number . Typ with RL = (Not se Ranges 
Is (uA) Typ Vos (mV) Max |Ib (fA) Typ CMVR (V) Typ GBW (MHz) Typ | Min(V) | Max (V) (Note 2) 


100kQ uniess 
otherwise Specified 






F08 i 


LMV824 
LMC6036 1300 
LM6134A 1440 


ese 
; ee a 

[88am azec2 | oosoas [ear i 

ps [seas [cose [aie me i 

a i 


[pe 
p10" Loe 
ane ee 
ee a 
100 = eee 
Lee a eae 
Led ee 
Eee 
Eee 
ee! 

Lmccos¢ | 500 | PE | 
| 1800 
| 1800 
| 2000 
| 2000 | 
| 2000 
| 2000 | 
ae 
bee! 
Ee 


mee 
em 
=< 
[a [sasess [omar [ap eee] aie 
eee ee 
oe eT 
= 
= 


LMC6494A 2000 
LMC6494B 

LM6144A 

LM6144B 

LM6154B 5600 


180nA 0.25 to 5.25 0.005 to 4.995 M14, N14 | 
180nA | -0.25 to 5.25 0.005 to 4.995 M14, N14 4 
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TABLE 4. SPECIAL FUNCTION OPERATIONAL AMPLIFIERS 
Specifications at T, = 25°C @ Vg = +5V. 


Slew Rate Supply Voltage F 
Vos Ip Supply Current y 9 Packages | Operating Temp ! 
Part Number GBW (MHz) Typ (V/us) Special Note 
(nA) Max a (mA) Max Max (V) (Note 2) Ranges (Note 2) 
LM359 15pA M14, N14 Dua! high speed programmable 
”Norton” amplifier 
LM392 M14, N14 Low power op amp with voltage 
comparator 

LM611 M14, J14 Single amplifier with adjustable 
‘oltage reference from 1.2V to 6.3V 

LM613 N16, J16 Dual comparator and dual 
amplifiers with adjustable voltage 

reference from 1.2V to 6.3V 


LMV711 ae: 1/0 Op Amp with High Output 
Current Drive and Shutdown 


LMV8101 2.7 Be ad a a R-R I/O Op Amp in uSMD with 
Selectable Shutdown Polarity 
LM614 Quad Operational Amplifier with 
Adjustable Reference 


LM194/394 0.1, | One. | 2 | K06, NOB | N08 Supermatch Transistor Pair 


LMV101 a 6 | 108. Ne M7 eae Type/w Built-In Be reas 
R’s, Fixed Gain of ~1 
LMV102 8 0.2 2.7 M5, M7 LMV321 Type/w Built-In Feedback 
R’s, Fixed Gain of -2 
LMV105 1 0.25 2.7 5 M5, M7 Cc LMV321 Type/w Built-In Feedback 
R’s, Fixed Gain of -5 
LMV110 0.2 1 0.25 2.7 5 M5, M7 Cc LMV321 Type/w Built-In Feedback 
R’s, Fixed Gain of -10 
LMV111 1 1 2.7 5 M5, M7 Cc LMV321 Type/w Built-In Vs/2 
Divider R’s on Non-Inverting Input 
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Low Power/General Purpose Operational Amplifiers: 


TABLE 5. SINGLE GENERAL PURPOSE OPERATIONAL AMPLIFIERS 


Specifications at T, = 25°C. 





Part Number Vos \ Slew Fate. Supply Current Operating Temp — 
(MHz) Typ (mV) Max (nA) Max | (mA) Max Ranges Nee: 


LE-b 
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TABLE 6. DUAL GENERAL PURPOSE OPERATIONAL AMPLIFIERS 
Specifications at T, = 25°C. 





Part Number SG: peices ge el a 
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Low Power/General Purpose Operational Amplifiers 


TABLE 7. QUAD GENERAL PURPOSE OPERATIONAL AMPLIFIERS 
Specifications at T, = 25°C. 





Part Number mew hae: Supply Current Packages 

(MHz) Typ Max (nA) Max (mA) Max (Note 1) 
ve [7 | if a ae [se 
RT ee es SW a Cs 





Operating Temp 
Ranges 
(Note 2) 


C, M 
6 
M 
M 


OQ, OO 


O;,Ssj;,oy;s/oye 


oe tee 


Note 1: (Letter = Pkg. Type, Number = # of pins) 


Code 


microSMD 


-l j ( 










PWG [SS~«Stad Can 
Ceramic Dual-In-Line 
Metal Can (TO-3) 





Lee 

=e 

H/G 
pM SO 
| MG 
cone, ee 






TO-92 
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Note 2: Temperature Ranges: 


Commercial (0°C to + 70°C) 






Extended (—40°C to + 125°C) 
Industrial (-40°C to + 85°C) 
Military (-55°C to +125°C) 
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Operational Amplifier Definition Of Terms 
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Operational Amplifier 
Definition Of Terms | 


Gain Bandwidth (GWB): The open loop gain times the fre- 
quency at a specified frequency higher than the first pole. 


Unity Gain Bandwidth: The frequency where the amplifier 
open loop gain equals to one. It equals GBW if single pole 
roll off exist. 


Common-Mode Rejection Ratio (CMRR): The ratio of dif- 
ferential voltage amplification to common-mode voltage am- 
plification. It is measured by determining the ratio of a 
change in input common-mode voltage to the resulting 
change in input offset voltage change. 


CMRR(dB) = 20log 10 (AVey/AVos) 
Total Harmonic Distortion (THD): When a pure sinusoid 
given as V,, (@) = V, sin(ot) is applied to the input of an op- 
erational amplifier, the output with harmonic distortion will be 
Vout(@)a,V_sin(wt)+aaV,sin(ot)+...+a,V,sin(not). THD is ex- 
press as 

THD(%) = [(ao” + ag? + ... + An) V2/a,] x 100 
Input Current (I, or I,,): The average of the two input cur- 
rents. 


Input Common-Mode Voltage Range (Vey): Typically the 
range of voltages on the input terminals for which the ampli- 
fier's performance is specified. 


Input Impedance (Z,,,): The ratio of input AC voltage to input 
AC current. 


Common-Mode Input Resistance: The ratio of the 
common-mode input voltage change to the inverting or 
non-inverting input current change. 


Differential Input Resistance: The ratio of the differential 
input voltage change to the input Current change. 


Input Offset Current (Ios): The difference of the currents 
between the two input terminals. 


input Offset Voltage (Vos): The DC error voltage which ex- 
ists between the input terminals due to non-ideal balancing 
of the input stage to the output. It is multiplied by the closed 
loop gain. 


Large-Signal Voltage Gain (Ay): The ratio of the output 
voltage change to the change in input voltage. This param- 
eter is usually specified at a large output voltage, less than 
maximum output Voltage, and typically under DC condition. 


Output Impedance (Z,): The apparent output impedance of 
an op amp, typically illustrated with an ideal op amp with 
zero output impedance in series with an output impedance, 
Zout, measured under AC condition. 


Output Resistance: The apparent output resistance of an 
op amp, typically illustrated with an ideal op amp with zero 
Output resistance in series with an output resistor, Rout, 
measured under DC condition. 


Output Voltage Swing (V,): The maximum peak-to-peak 
output voltage swing under specified load and supply volt- 
ages. 

Offset Voltage Temperature Coefficient (TCV ,): The av- 
erage rate of change in offset voltage for the junction tem- 
perature variation over a specified temperature range. 
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Power Supply Rejection Ratio (PSRR): The ratio of the 
change in input offset voltage to the change in power supply 


voltages producing it. 


Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has 


settled to within a specified error band, which is expressed 


as the percentage of the total voltage change. 


Slew Rate (SR): The rate that an amplifier output changes 
from one voltage level to another when a step or square 
wave input is applied. Typically it is the average rate mea- 
sured from 10% to 90% of the total output voltage change. 
Supply Current (I,): The current required from the power 
supply to operate the amplifier with no load and the output 
midway between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. Usu- 


ally small signal is less than 100mvV. 


input Voltage Noise (e,,): The equivalent voltage noise ap- 
plied in series with the input of the noiseless amplifier. 
Input Current Noise (i,,): The equivalent current noise ap- 
plied in parallel with the input of the noiseless amplifier. 
Phase Margin (®m): The open-loop phase shift between the 
output and the inverting input at the unity frequency. 

Gain Margin (C,,): Open loop gain at the frequency where 
the phase between inverting input and output crosses zero. 
Rise Time (t,): The time required for an output voltage step 
to change from 10% to 90% of its final value. 
Short-Circuit Output Current: The maximum available cur- 
rent out of the output of an op amp. 

Open loop Gain: The ratio of the voltage change at the out- 
put to the voltage change at the input, usually under AC con- 
dition. 

Note: All parameters are under specific conditions. 
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LF147/LF347 


National Semiconductor 


Wide Bandwidth Quad JFET Input Operational Amplifiers 


General Description 


The LF147 is a low cost, high speed quad JFET input opera- 
tional amplifier with an internally trimmed input offset voltage 
(BI-FET !I™ technology). The device requires a low supply 
current and yet maintains a large gain bandwidth product 
and a fast slew rate. In addition, well matched high voltage 
JFET input devices provide very low input bias and offset 
currents. The LF147 is pin compatible with the standard 
LM148. This feature allows designers to immediately up- 
grade the overall performance of existing LF148 and LM124 
designs. 


The LF147 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift. 


Simplified Schematic 


VY Quad 





INTERNALLY 


INTERNALLY TRIMMED 


TRIMMED 


—Vege © 
0S005647-13 
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Features 

m Internally trimmed offset voltage: 5 mV max 
@ Low input bias current: 50 pA 
m Low input noise current: 0.01 pA/VHz 
= Wide gain bandwidth: 4 MHz 
m@ High slew rate: 13 V/us 
m@ Low supply current: 7.2MA 
w High input impedance: 10170 
= Low total harmonic distortion: <0.02% 
m Low 1/f noise corner: 50 Hz 
m Fast settling time to 0.01%: 2 us 
Connection Diagram 

Dual-In-Line Package 
OUT4 IN 47 in 4t Vv~ IN 3* IN 37 OUT 3 





In 1* yr IN 2* IN 27 


ouT 2 
DS005647-1 


OUT 1 IN 17 


Note 1: LF147 available as per JM38510/11906. 
Top View 
Order Number LF147J, LF147J-SMD, LF347M, 
LF347BN, LF347N, LF147J/883, 
or JL147 BCA (Note 1) 
See NS Package Number J14A, M14A or N14A 
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Zrves VLZbld1 





LF147/LF347 


Absolute Maximum Ratings (note 2) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


LF147 LF347B/LF347 
Supply Voltage +22V +18V 
Differential’ Input Voltage +38V +30V 
Input Voltage Range +19V +15V 


(Note 3) 
Output Short Circuit 
Duration (Note 4) 


Continuous Continuous 


900 mW 1000 mW 


Power Dissipation 
(Notes 5, 11) ts 

T; max 150°C 150°C 

0, | : 
Ceramic DIP (J) Package 70°C/W 
Plastic DIP (N) Package 75°C/W 
Surface Mount Narrow (M) 100°C/W 


DC Electrical Characteristics (note 7) 






s 







LF147 LF347B/LF347 
Surface Mount Wide (WM) ~ 85°C/W 
Operating Temperature (Note 6) (Note 6) 
Range 
Storage Temperature eS 
Range ~65°C<T <150°C 
, Lead Temperature. — eee 
(Soldering, 10 sec.) 260°C 260°C 
Soldering Information as 
Dual-In-Line Package 
Soldering (10 seconds) 260°C 
Small Outline Package | 
Vapor Phase (60 seconds) 215°C 
Infrared (15 seconds) | 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering 
surface mount devices. ; 


ESD Tolerance (Note 12) 900V 


LF347 Units 


LF347B 





[Min | Typ [Max [Min | Typ [Max |Win | Typ [Max 
Vos Input Offset Voltage Rsg=10 kQ, Ta=25°C 5 3 5 5 10 mV 
curaveme | | tel | fot | lism 
AVos/AT | Average TC of Input Offset. Rg=10 kQ 10 10 ~ 10 pVvrC 
vo fT TT ET 
los Input Offset Current a Tj=25°C, (Notes 7, 8) 25 | 100 25 |100 25 |100 pA 
ie [een TL [et EPL | YT 
lp Input Bias Current Tj=25°C, (Notes 7, 8) 50 | 200 50 | 200 50 | 200 pA 
: 7 | Over Temperature ee tea on 8 Sis 8 nA 
Ri | imputResitance——=SSCS~=~imaw’SSC*dSC*dPSO TP ORY [Pwo] [a 
Avo Large Signal Voltage Gain | Vsg=+15V, Ta=25°C 100 50 25 | 100 V/imV 
Vo=210V, Rp=2 kQ <i 
Over Temperature 25 15 : V/mV 
Vom Input Common-Mode Voltage — ' Vg=+15V +11 +15 +11 +15 +11 +15 V 
vol [tee LBL | 
CMAR | Common-Mode Rejection Ratio | Reciok2 ~~~*«( 80 | 100 | | 80 | 100 | | 70| 100 | | o@ 
PSRR (Note 9 rao | 100 [ [ao] 100 | [70] 100] | o® 
is [Supp Curent | SSC~«wSC‘i |e Po] [2 [ma 
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AC Electrical Characteristics (note 7) 

Symbol Parameter Conditions LF147 Units 
| Min | Typ [Max | Min | Typ [Max | Min | Typ |Max | 

Amplifier to Amplifier Coupling Ty=25°C, ste -120 7 -120 of -120 hs dB 


Zvesa VZbl41 


f=1 Hz-20 kHz 
(Input ae. 





A vans Teas [8S ae OH 1 


En Equivalent Input Noise Voltage T,a=25'C, As 1008) 


f=1000 Hz 


Equivalent Input Noise Current Tj)=25°C, f=1000 Hz hod 0.01 





Soe ae ee 


Note 2: Absoiute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func- 

tional, but do not guarantee specific performance limits. 

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 4: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 

temperature will be exceeded. 

Note 5: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6j,. 

Note 6: The LF147 is available in the military temperature range —55°C<T,<125°C, while the LF347B and the LF347 are available in the commercial temperature 

range 0°CsT,<70°C. Junction temperature can rise to T; max = 150°C. 

Note 7: Unless otherwise specified the specifications apply over the full temperature range and for Vg=+20V for the LF147 and for Vg=+15V for the LF347B/LF347. 

Vos; Ip, and log are measured at Voy=0. 

Note 8: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited pro- 

duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem- 

perature as a result of internal power dissipation, Pp. Tj=T,q+9ja4 Pp where 6j, is the thermal resistance from junction to ambient. Use of a heat sink is recommended 

if input bias current is to be kept to a minimum. 

Note 9: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
| Vg = + 5V to +15V for the LF347 and LF347B and from Vs = £20V to +5V for the LF147. 

Note 10: Refer to RETS147X for LF147D and LF147J military specifications. 

Note 11: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate out- 

side guaranteed limits. 


Note 12: Human body model, 1.5 kQ in series with 100 pF. 


SF 


Total Harmonic Distortion <0.02 





Ay=+10, R,.=10k, 
Vo=20 Vp-p, 
BW=20 Hz-20 kHz 







: 
Eowl 
|| 2. || 2. 
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LF353 


Wide Bandwidth Dual JFET Input Operational i egal 


General Description 


These devices are low cost, high speed, dual JFET input op- 
erational amplifiers with an internally trimmed input offset 
voltage (BI-FET II™ technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 


LF353 is pin compatible with the standard LM1558 allowing 


designers to immediately upgrade the overall performance of 
existing LM1558 and LM358 designs. 


These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold cir- 
cuits and many other circuits requiring low input offset volt- 
age, low input bias current, high input impedance, high slew 
rate and wide bandwidth. The devices also exhibit low noise 
and offset voltage drift. 


Typical Connection 





~VEE 


DS005649-14 


Simplified Schematic 


1/2 Dual 





INTERNALLY 


INTERNALLY TRIMMED 


TRIMMED 


-Vee O 
DS005649-16 
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Features 

m@ Internally trimmed offset voltage: 10 mV 
m Low input bias current: 5SOpA 
m Low input noise voltage: 25 nV/NHz 
m Low input-noise current: 0.01 pA/VHz 
= Wide gain bandwidth: 4 MHz 
m High slew rate: 13 V/us 
m= Low supply current: 3.6 mA 
m High input impedance: 10120 
= Low total harmonic distortion : <0.02% 
= Low 1/f noise corner: 50 Hz - 
_ 2 us 


Fast settling time to.0.01%: 


Connection Diagram 
Dual-In-Line Package . 
Sele 


INVERTING INPUT A OUTPUTB | 


NON-INVERTING 


INPUT A INVERTING INPUT B 


NON-INVERTING 


= INPUT B 





DS005649-17 


Top View 
Order Number LF353M, LF353MX or LF353N 
See NS Package Number MO8A or NO8E 


Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage +18V 
Power Dissipation (Note 2) 
Operating Temperature Range 0°C to +70°C 
T;(MAX) 150°C 
Differential Input Voltage +30V 
Input Voltage Range (Note 3) +15V 
Output Short Circuit Duration Continuous 
Storage Temperature Range -65°C to +150°C 
Lead Temp. (Soldering, 10 sec.) 260°C 
Soldering Information 
Dual-In-Line Package 
Soldering (10 sec.) 260°C 


DC Electrical Characteristics 


(Note 5) 
win [Typ | Max 

Vos Input Offset Voltage Rg=10kQ, T,=25°C 5 10 mV 
Vos AT Ag=10 KO a 
los Input Offset Current T;=25'C, (Notes 5, 6) 25 100 pA 
Ip Input Bias Current T;=25'C, (Notes 5, 6) 50 200 pA 
Avor Large Signal Voltage Gain Vg=+15V, T,=25°C V/mV 

Vo=+#10V, Ry =2 kQ 

Over Temperature V/mV 
Vom Input Common-Mode Voltage Vg=+15V +11 +15 V 

a EE 
OMAR | Common-Mode Rejection Ratio —_—*( Recto ——=~S~“~*‘~srCO~C*?SC‘i|SSC*d;C« 
PSAR | Supply Voltage Rejection Ratio | (Note7) —~——*+i|~_77_| 100 | + a8 
AC Electrical Characteristics 
(Note 5) 
[in [Tye | Max 
Amplifier to Amplifier Coupling T,=25°C, f=1 Hz-20 kHz -—120 dB 

SR__—|SewRateSSSS~S~*~*~iC‘N mS TamzwO —SC«d;=CO || «dS 
GBW___| Gain Bandwidth Product ‘| Vs=#15V, Tana5 «| _a7_| 4 |_| _ MHz 

f=1000 Hz 
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Small Outline Package 
Vapor Phase (60 sec.) 215°C 
Infrared (15 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering 
surface mount devices. 


ESD Tolerance (Note 8) 1700V 
6; M Package TBD 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to 


_ the device may occur. Operating ratings indicate conditions for which the de- 


vice is functional, but do not guarantee specific performance limits. Electrical 
Characteristics state DC and AC electrical specifications under particular test 
conditions which guarantee specific performance limits. This assumes that 
the device is within the Operating Ratings. Specifications are not guaranteed 
for parameters where no limit is given, however, the typical value is a good in- 
dication of device performance. 
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€sed 


LF353 


AC Electrical Characteristics (continued) 
(Note 5) 






Parameter Conditions 








Total Harmonic Distortion 





Ay=+10, RL=10k, 
Vo=20Vp-p, 
BW=20 Hz-20 kHz 






Note 2: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 115°C/W typ junction to ambient for the N package, 
and 158°C/W typ junction to ambient for the H package. 


Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
Note 4: The power dissipation limit, however, cannot be exceeded. 
Note 5: These specifications apply for Vg=+15V and 0°C<T,<+70°C. Vog, Ipand log are measured at Vojy=0. 


Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction femperatre, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pp. Tj=Ta+8jq Pp where Qj, is the thermal resistance from junction to ambient. Use of a heat sink is recom- 
mended if input bias current is to be kept to a minimum. ; 


Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. Vg = 
+6V to +15V. 


Note 8: Human body model, 1.5 kQ in series with 100 pF. 
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LLpd 


National Semiconductor 


LF411 


Low Offset, Low Drift JFET Input Operational Amplifier 


General Description 


These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply cur- 
rent yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF411 is pin compatible with the standard LM741 allowing 
designers to immediately upgrade the overall performance of 
existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold cir- 
cuits and many other circuits requiring low input offset volt- 
age and drift, low input bias current, high input impedance, 
high slew rate and wide bandwidth. 


Typical Connection 





DS005655-1 


Ordering Information 
LF411XYZ 

X indicates electrical grade 

Y indicates temperature range 
“M” for military 
“C” for commercial 

Z_ indicates package type 
“H” or “N” 
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Features 

m Internally trimmed offset voltage: 0.5 mV(max) 
m Input offset voltage drift: 10 pV/°C(max) 
m Low input bias current: 50 pA 
™ Low input noise current: 0.01 pA/VHz 
m= Wide gain bandwidth: 3 MHz(min) 
m@ High slew rate: 10V/ys(min) 
m Low supply current: 1.8mA 
m High input impedance: 10170 
m™ Low total harmonic distortion: <0.02% 
= Low 1/f noise corner: 50 Hz 
m Fast settling time to 0.01%: 2 us 


Connection Diagrams 


Metal Can Package 






NON-INVERTING 
INPUT 


v- 


DS005655-5 
Note: Pin 4 connected to case. 
Top View 
Order Number LF411ACH 
or LF411MH/883 (Note 11) 
See NS Package Number HO8A 


Dual-in-Line Package 
BALANCE 
INPUT 
INPUT 


BALANCE 





DS005655-7 


Top View 
Order Number LF411ACN, LF411CN 
See NS Package Number NO8E 
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LF411 


Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, Timax 
please contact the National Semiconductor Sales Office/ 8A 
Distributors for availability and specifications. 
LF411A LF411 
Supply Voltage +22V +18V . 80 
Differential Input Voltage —£38V — +30V Operating Temp. 
Input Voltage Range Range 
(Note 2) +19V +15V_ Storage Temp. 
Output Short Circuit | Range 
Duration Continuous Continuous Lead Temp. 
H Package N Package Noe 
Power Dissipation ESD Tolerance 
(Notes 3, 10) ~ 670 mW 670 mW 


DC Electrical Characteristics (note 5) 


H Package N Package 
150°C 115°C 
162°C/W (Still Air) 120°C/W 
65°C/W (400 LF/min 
Air Flow) 
20°C/W 
(Note 4) (Note 4) 


~65°C<T,<150°C  -65°C<T,<150°C 


260°C 260°C 


Rating to be determined. 


LF411A LF411 | Units 


ine Mex Min) pe 


Symbol Parameter _ Conditions 
Vos Input Offset Voltage Rg=10 kQ, T,=25°C Ph Ose | 


AVos/AT | Average TC of Input Rg=10 kQ (Note 6) 22 oN C 
Offset Voltage ms 6) 












los Input Offset Current Vg=+15V Sse te het pe tS pA 
(Notes5,7) [te70o | | |2] | | 2 | oa 
tevsc| | [a] | | 25 | na 
Ip Input Bias Current Vs=2t15V 'T=25°C | | 50 | 200] | 50 | 200 | pA 
(Notes8,7)  [Taroo | | |4]{ | | 4 [ na 
tarec| | | so; | | 60 | na 
Rin | input Resistance [Tao —Sss—=dSSCi‘iR SCO TCT SCL to TC 
AvoL re Signal Voltage Ve=si6V pas 200 25 200 V/mV 
co ea ae de 
[over Tenperare [a5 [200 [8 [200 [ viv 
Vo #16V, R=10k peafatas| [aw[as{ |v 
Vou | Input Common-Mode pete[vtos | fantfowst |v 
field NY SOE 
CMRR Common-Mode s<10k 100 70 100 dB 
[=i ONE Dal Ua Ne 
PSRR SUupeIY voltage (Note 8) 100 70 100 dB 
Ee Lea Gl lO Dad 
is | Supply Current [ [te [ee{ | 18 | 34 | ma 
AC Electrical Characteristic (note 5) 
| Min | Typ | Max | Min | Typ | Max | 
SR | SlewRate | Vee#I5V, Tan25°C | 10 | 15 | | 8 | 15 || Mis 
GBW | Gain-Bandwidth Product Ven t5V, T,=25°C | 4 | | 27] 4 | | MHz 
e, Equivalent Input Noise Voltage Hee C, Rg=100Q, tart ter nv/ Hz 
z 


in Equivalent input Noise Current T,a=25'C, f=1 kHz 


Ay=+10, R,=10k, 
Vo=20 Vp- p, 


Total Harmonic Distortion 
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BW=20 Hz~-20 kHz 
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AC Electrical Characteristic (Note 5) (Continued) 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 


Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6)A. 


Note 4: These devices are available in both the commercial temperature range 0°C<T,<70°C and the military temperature range —55°C<T ,<125°C. The temperature 
range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an i indicates the 
military temperature range. The military temperature range is available in “H” package only. 


Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vs=+20V for the LF411A and for Vg=+15V for the LF411. Vos, 
Ip, and Iog are measured at Voy=0. 

Note 6: The LF411A is 100% tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification. 

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited pro- 
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem- 
perature as a result of internal power dissipation, Pp. Tji=Ta+6ja Pp where 8), is the thermal resistance from junction to ambient. Use of a heat sink is recommended 
if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from 
+15V to +5V for the LF411 and from +20V to +5V for the LF411A. 

Note 9: RETS 411X for LF411MH and LF411MJ military specifications. 


Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate out- 
side guaranteed limits. 
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Lipa 


LF412 


National Semiconductor 


LF412 


Low Offset, Low Drift Dual JFET Input Operational 


Amplifier 


General Description 


These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply cur- 
rent yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF412 dual is pin compatible with the LM1558, allowing de- 
signers to immediately upgrade the overall performance of 
existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold cir- 
cuits and many other circuits requiring low input offset volt- 
age and drift, low input bias current, high input impedance, 
high slew rate and wide bandwidth. 


Typical Connection 


Re 





-VEE 


DS005656-41 


Ordering Information 
LF412XYZ 

X_ indicates electrical grade 

Y indicates temperature range 
“M” for military 
“C” for commercial 

Z_ indicates package type 
“H” or “N” 
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-Features 


m Internally trimmed offset voltage: 1 mV (max) | 
m Input offset voltage drift: 10 yV/"C (max) 
= Low input bias current: 50 pA — 

= Low input noise current: 0.01 pA/VHz 

m Wide gain bandwidth: 3 MHz (min) 

m High slew rate: 10V/us (min) 

m Low supply current: 1.8 mA/Amplifier 

m High input impedance: 10'°Q 

® Low total harmonic distortion <0.02% 
m Low 1/f noise corner: 50 Hz 

m Fast settling time to 0.01%: 2us 


Connection Diagrams 


Metal Can Package 


yt 








OUTPUT A (7) ourpur 8 


INVERTING 
INPUT B 


INVERTING 
INPUT A 


NON-INVERTING 
INPUT B 


NON-INVERTING 
INPUT A 


V- 
Note. Pin 4 connected to case. 
TOP VIEW 


DS005656-42 


Order Number LF412MH, LF412CH 
or LF412MH/883 (Note 1) 
See NS Package Number HO8A 


Dual-In-Line Package 
OUTPUT A 


INVERTING INPUT A OUTPUT B 


NON-INVERTING 


INPUT A INVERTING INPUT B 


NON-INVERTING 


ve INPUT B 





TOP VIEW 


DS005656-44 


Order Number LF412ACN, LF412CN 
or LF412MJ/883 (Note 1) 
See NS Package Number J08A or NO8E 
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Simplified Schematic 


célrs 


1/2 Dual 





Vo 





INTERNALLY 
INTERNALLY TRIMMED 


TRIMMED 


DS005656-43 


Note 1: Available per JM38510/11905 
Detailed Schematic 


Vcc O 





DS005656-32 
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LF412 


Absolute Maximum Ratings (note 2) 


If Military/Aerospace specified devices are required, 
Distributors for availability and specifications. 


please contact the National Semiconductor Sales Office/ 


(Note 11) 


LF412A LF412 H Package N Package 

Supply Voltage +22V +18V T; max 150°C 115°C 
Differential Input Voltage +38V +30V 8, (Typical) 152°C/W 115°C/W 
Input voltage Range Operating Temp. Range (Note 6) (Note 6) 

(Note 3) +19V +15V Storage Temp. —65°C<T,<150°C -65°C<T,<150°C 
Output Short Circuit Range 

Duration (Note 4) Continuous Continuous Lead Temp. 

; H Package N Package (Soldering, 10 sec.) 260°C 260°C 

Power Dissipation . ESD Tolerance 

(Note 12) (Note 5) 670 mW Mele te) ee ON 


DC Electrical Characteristics 
Note 7) 


LF412A LF412 


( 
Symbol ~~ €onaltions a cc 
Pin [Typ [Max | win [ Typ | Max 
Tos [io] | 10 [30] m 


a V 
Average TC of Input Rg=10 kQ (Note 8) 7 10 7 20 uVv/’C 
Offset Voltage | te 


Units 


Vos 
AVog/AT 



















los Input Offset Current Vg=t15V fT=25°C | | 25 | 100{ | 25 | 100 | pA 

Notes 7,9) [evo | | | 2 | | | 2 | nA 

Pyare [| [2s | | | 25 | na 

Ip Input Bias Current — Vg=+15V 'T=25'C | | 50 | 200/ | 50 | 200 | pA 

(Notes7,9)  [Teroo | | | 4 | | | 4 | nA 

Rin 225 ee Ls ae a 

Avot Large Signal Voltage Vsg=t15V, Vo=+10V, 50 200 25 200 V/mV 

Vou Input Common-Mode — P16 | +195 | | +11 414.5 | V 

igen | ete PS 

CMRR Common-Mode Rss10k | . 100 70 100 dB 
eb edhe fel 

PSRR Supply Voltage . | (Note 10) 100 70 100 dB 





Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. ~~: 8 ; 


AC Electrical Characteristics 
(Note 7) 


Amplifier to Amplifier 
Coupling 


T,=25'C, f=1 Hz-20 kHz 
(Input Referred) 

Slew Rate 
Gain-Bandwidth Product 





Vo=2+1 5V, Ta=25°C 
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AC Electrical Characteristics (Continued) 
(Note 7) 














Parameter Conditions 





Total Harmonic Dist 





Ay=+10, R, =10k, 
Vo=20 Vp-p, 
BW=20 Hz-20 kHz 

T,=25°C, Rg=1009, 
f=1 kHz | 
T,=25°C, f=1 kHz 












Equivalent Input Noise 
Voltage 
Equivalent Input Noise 
Current 


Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 


Note 4: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 


Note 5: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 8j,. 


Note 6: These devices are available in both the commercial temperature range 0°C<T,<70°C and the military temperature range —-55°C<T,<125°C. The temperature 
range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” indicates the 
military temperature range. The military temperature range is available in “H” package only. In all cases the maximum operating temperature is limited by internal junc- 
tion temperature T; max. 


Note 7: Unless otherwise specified, the specifications apply over the full temperature range and for Vg=+20V for the LF412A and for Vg=+15V for the LF412. Vos, 
lp, and log are measured at Voy=0. 


Note 8: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this speci- 
fication. 


Note 9: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited pro- 
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem- 
perature as a result of internal power dissipation, Pp. Tj=Ta+®jq Pp where 8a is the thermal resistance from junction to ambient. Use of a heat sink is recommended 
if input bias current is to be kept to a minimum. 


Note 10: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. Vs 
= +6V to +15V. 


Note 11: Refer to RETS412X for LF412MH and LF412MJ military specifications. 


Note 12: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate out- 
side guaranteed limits. 


Note 13: Human body model, 1.5 kQ in series with 100 pF. 
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LF442 


AY national Semiconductor 


LF442 tt” a 


Dual Low Power JFET Input Operational Amplifier 


General Description 


The LF442 dual low power operational amplifiers provide 
many of the same AC characteristics as the industry stan- 
dard LM1458 while greatly improving the DC characteristics 
of the LM1458. The amplifiers have the same bandwidth, 
slew rate, and gain (10 kQ load) as the LM1458 and only 
draw one tenth the supply current of the LM1458. In addition 
the well matched high voltage JFET input devices of the 
LF442 reduce the input bias and offset currents by a factor of 
10,000 over the LM1458. A combination of careful layout de- 
sign and internal trimming guarantees very low input offset 
voltage and voltage drift. The LF442 also has a very low 
equivalent input noise voltage for a low power amplifier. 
The LF442 is pin compatible with the LM1458 allowing an 
immediate 10 times reduction in power drain in many appli- 
cations. The LF442 should be used where low power dissi- 
pation and good electrical characteristics are the major con- 
siderations. ea. 


Typical Connection 


Ry 





~VEE 


DS009155-1 


Ordering Information 


LF442XYZ 

X_ indicates electrical grade 

Y indicates temperature range 
“M” for military 
“C” for commercial 

Z indicates package type 
“H” or “N” 
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Features | 7 
m@ 1/10 supply current of aLM1458: 400 yA (max) 
= Low input bias current: 50 pA (max) | 

m Low input offset voltage: 1 mV (max) | 

= Low input offset voltage drift: 10 pV/°C (max) - 
m@ High gain bandwidth: 1 MHz . 

m@ High slew rate: 1 V/us 

m Low noise voltage for low power: 35 nV//Hz 

= Low input noise current: 0.01 pA/JHz 

@ High input impedance: 101'7Q 

rT 


High gain Vo = £10V, Ry = 10k: 50k (min) 


Connection Diagrams 


Metal Can Package 





if ™! 
(8) 
OUTPUT A he FF OUTPUT B 





INVERTING 
INPUT A 





NON-INVERTING 
INPUT A 


Oo 
[Kod \ INVERTING 
oll er 


Top View 
Order Number LF442AMH or LF442MH/883 
See NS Package Number H08A 


INPUT B 
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Pin 4 connected to case 


Dual-in-Line Package 


OUTPUT A 


INVERTING INPUT A OUTPUT B 


NON-INVERTING 


INPUT A INVERTING INPUT B 


NON-INVERTING 


_ INPUT B 





DS009155-4 


Top View 
Order Number LF442ACN or LF442CN 
See NS Package Number NO8E 
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Absolute Maximum Ratings (Note 1) H Package N Package 
If Military/Aerospace specified devices are required, 94, (Typical) ; ; 
please contact the National Semiconductor Sales Office/ ee 3} are ey 
Distributors for availability and specifications. ; : 
85c (Typical) 21°C/W 
LF442A LF442 Operating Temperature (Note 5) (Note 5) 

Supply Voltage +22V +18V Range 
Differential Input Voltage +38V +30V Storage -~65°C<T,<1 50°C -~65°C<T,<1 50°C 

(Note 2) Lead Temperature 260°C 260°C 
Output Short Circuit Continuous Continuous (Soldering, 10 sec.) 

Duration (Note 3) ESD Tolerance Rating to be determined 

H Package N Package 

T; max 150°C 115°C 


DC Electrical Characteristics (note 7) 


Vos Input Offset Voltage 
ee ee re 
AVos/AT | Average TC of Input Rg = 10 kQ 
Jonette | 
Input Offset Current Vs = +15V 


(Notes 7, 8) 
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Input Bias Current 
(Notes 7, 8) 


Rin Input Resistance T, = 25°C 1 Q 


Avo Large Signal Voltage Vs = £15V, Vo = £10°V,7 





Gain R, = 10 kQ, Ty = 25°C 


Over Temperature 
Vo Output Voltage Swing Vs = £15V, R, = 10 kQ 


Vom Input Common-Mode 16 +18 
[wamgerane | | oo 
CMRR Common-Mode Rg = 10 kQ 
fromwenrato |e 
PSRR Supply Voltage (Note 9) 
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AC Electrical Characteristics (noite 7) 


Symbol Parameter Conditions LF442A LF442 Units 
| Typ | Max | Min | Typ 
Amplifier to Amplifier Ty = 25°C, f = 1 Hz-20 kHz 
Coupling (Input Referred) 


SR Slew Rate Vs = t15V, Ta = 25°C | 0.8 | 
GBW | Gain-Bandwidth Product | Vs = +15V, Ta = 25°C fos | 1 | | 


e, Equivalent Input Noise Ta = 25°C, Rg = 1000, 
ia Equivalent Input Noise Ty = 25°C, f = 1 kHz 
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LF442 


AC Electrical Characteristics (note 7) (Continued) 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. pee Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. ; 


Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 


Note 3: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 


Note 4: The value given is in 400 linear feet/min air flow. 
Note 5: The value given is in static air. 


Note 6: These devices are available in both the commercial temperature range 0°C < Ty, < 70°C and the military temperature range -55°C < T, < 125°C. The tem- 
perature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” indi- 
cates the military temperature range. The military temperature range is available in “H” package only. 


Note 7: Unless otherwise specified, the specifications apply over the full temperature range and for Vs = +20V for the LF442A and for Vs = £15V for the LF442. 
Vos; |p, and log are measured at Voy = 0. 
Note 8: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited pro- 
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem- 
perature as a result of internal power dissipation, Pp. Tj = Ta + 8aPp where 6), is the thermal resistance from junction to ambient. Use of a heat sink is recommended 
if input bias current is to be kept to a minimum. 

Note 9: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
+15V to +5V for the LF442 and +20V to +5V for the LF442A. 


Note 10: Refer to RETS442X for LF442MH military specifications. 


Simplified Schematic 


1/2 Dual 





Vo 
INTERNALLY 
INTERNALLY TRIMMED 
TRIMMED 
-VEE O 


DS009155-3 
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LF444 


National Semiconductor 


Quad Low Power JFET Input Operational Amplifier 


General Description 


The LF444 quad low power operational amplifier provides 
many of the same AC characteristics as the industry stan- 
dard LM148 while greatly improving the DC characteristics 
of the LM148. The amplifier has the same bandwidth, slew 
rate, and gain (10 kQ load) as the LM148 and only draws 
one fourth the supply current of the LM148. In addition the 
well matched high voltage JFET input devices of the LF444 
reduce the input bias and offset currents by a factor of 
10,000 over the LM148. The LF444 also has a very low 
equivalent input noise voltage for a low power amplifier. 


The LF444 is pin compatible with the LM148 allowing an im- 
mediate 4 times reduction in power drain in many applica- 
tions. The LF444 should be used wherever low power dissi- 
pation and good electrical characteristics are the major 
considerations. 


Simplified Schematic 


1/4 Quad 





~Veg O 
DS009156-1 


Ordering Information 
LF444XYZ 

X indicates electrical grade 

Y indicates temperature range 


“M” for military, “C” for commercial 
Z indicates package type “D”, “M” or “N” 
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Features 

m 1% supply current of aLM148: 200 uA/Amplifier (max) 
m= Low input bias current: 50 pA (max) 

@ High gain bandwidth: 1 MHz 

m@ High slew rate: 1 V/us 

m Low noise voltage for low power 35 nV//Hz 

m Low input noise current 0.01 pA/VHz 

m High input impedance: 1012Q 

@ High gain: 50k (min) 


Connection Diagram 


Dual-In-Line Package 


OUT4 IN 47 IN 4+ Vv~ IN 3° 





vt IN 2* 


IN 17 


OUT 1 IN 17 IN 27 OUT 2 


DS009156-2 
Top View 
Order Number LF444CM, LF444CMX, 
LF444ACN, LF 444CN or LF444MD/883 
See NS Package Number D14E, M14A or N14A 
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pers 


LF444 


vo Output Voltage Swing | Vg = £15V, R, = 10 kQ 
+ 


Vom Input Common-Mode +16 +18 +11 +14 V 
Voltage Range —17 ~12 V 


Absolute Maximum Ratings (note 11) | LF444A/LF444 
If Military/Aerospace specified devices are required, Operating Temperature Range= (Note 4) 
please contact the National Semiconductor Sales Office/ Storage Temperature Range ~65°C < T, < 150°C 
Distributors for availability and specifications. ESD Tolerance (Note 10) Rating to 
LF444A LF444 be. determined 
Supply Voltage +22V/ +18V Soldering Information 2 . 
Differential Input Voltage +38V +30V _ _Dual-In-Line Packages. — | 
Input Voltage Range +19V +15V (Soldering, 10 sec.) 260°C 
(Note 1) Smail Outline Package. © _ Ge 
Output Short Circuit Continuous — Continuous Vapor Phase (60 sec.) . 215°C 
Duration (Note 2) a Infrared (15 sec.) . ,3 220°C 


See AN-450 “Surface Mounting Methods and Their Effect on 


D Package _—N, M Packages Product Reliability’ for other methods of soldering surface 


Power Dissipation 900 mw 670 mW mount devices. 
(Notes 3, 9) | 

T; max 150°C 115°C 

8, (Typical) 100°C/W 85°C/W 


DC Electrical Characteristics (note 5) 


Symbol Conditions LF444. Units 
[em [a 

input Ofeet Vowage [Ag ioeTa=256 | «| 2 [5 | | 3 | 0 | mv 

TAT 1 aS EE 8 


Pasostassvese Pe Pw 


AVos/AT | Average TC of Input Rg = 10 kQ- vl’ C 
Offset Voltage 
























los Input Offset Current Vs = +15V fTese. | | s |) | 5 .( 50” DA 
(Notes 5,6) [T=700 | | | 15 | | | 15 | na 

iawso | | || | | | oa 

la | Input Bias Current P=ac | | 10 | 50 | | 10 | 100| pA 
wows se) [ysroo [Ps Pa To 

a Pipa Reasarce [ease Tl I AR lt 
Avo. Large Signal Voltage a V/imV 

Gain 





roe renesise [af 


Ry. = 10 kQ, Ta = 25°C 


LA 
Pa) 


CMRR Common-Mode Rs < 10 kQ | 100 70 95 dB 
frwents fe TT 

PSRR Supe Kees (Note 7) 100 70 dB 
ae ee 


Is | Supply Current Supply Current mA 
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| AC Electrical Characteristics (note 5) 


Symbol Parameter LF444A LF444 Units 


Amplifier-to-Amplifier —120 —120 dB 
Coupling 


= 
sR VerHvTa=ec | | 7] Vins 
cal 


pers 








- 


GBW Gain-Bandwidth Product Vs = £15V, Ty = 25°C 


e, Equivalent Input Noise Voltage Ty, = 25°C, Rg = 100, 


f= 1 kHz 


in Equivalent Input Noise Current Ta = 25°C, f = 1 kHz py pe pA/ Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 





Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 


Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of Oj. 

Note 4: The LF444<A is available in both the commercial temperature range 0°C < Ty, < 70°C and the military temperature range -55°C < Ty < 125°C. The LF444 is 
available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device number. A “C” 
indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature range is available in “D” package only. 


Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs = +20V for the LF444A and for Vg = +15V for the LF 444. Vos, 
Ip, and log are measured at Voy = 0. 


Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T|. Due to limited pro- 
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem- 
perature as a result of internal power dissipation, Pp. Tj = Ta + 8;aPp where 6), is the thermal resistance from junction to ambient. Use of a heat sink is recommended 
if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
+15V to 5V for the LF444 and from +20V to +5V for the LF444A. 


Note 8: Refer to RETS444X for LF444MD military specifications. 


Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate outside 
guaranteed limits. 


Note 10: Human body model, 1.5 kQ in series with 100 pF. 


Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is func- 
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar- 
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is 
given, however, the typical value is a good indication of device performance. 
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LM10 


AY national Semiconductor. 


LM10 


Operational Amplifier and Voltage Reference 


General Description 


The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and an 
independent, high quality op amp. | 

The unit can operate from a total supply voltage as low as 
1.1V or as high as 40V, drawing only 270UA. A complemen- 
tary output stage swings within 15 mV of the supply termi- 
nals or will deliver £20 mA output current with +0.4V satura- 
tion. Reference output can be as low as 200 mV. 

The circuit is recommended for portable equipment and is 


completely specified for operation from a single power cell. 
In contrast, high output-drive capability, both voltage and 


current, along with thermal overload protection, Suggest it in . 


demanding general-purpose applications. 


The device is capable of operating in a floating mode, inde- 
pendent of fixed supplies. It can function as a remote com- 
parator, signal conditioner, SCR controller or transmitter for 


analog signals, delivering the processed signal on the same 
line used to supply power. It is also suited for operation in a 
wide range of voltage- and current-regulator applications, 
from low voltages to several hundred volts, providing greater 
precision than existing ICs. _— 


This series is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. In ad-. 
dition, a low-voltage specification (suffix “L”) is available in 
the limited temperature ranges at a cost savings. 


Features 

m input offset voltage: 2.0 mV (max) 
m input offset current: 0.7 nA (max) 
m input bias current: 20 nA (max) 

m reference regulation: 0.1% (max) 
m offset voltage drift! 2yV/°C 

m reference drift: 0.002%/"C 


Connection and Functional Diagrams 


Metal Can Package (H) 


REFERENCE 
FEEDBACK 






REFERENCE: 
OUTPUT 
oP AMP 
OUTPUT 
oP AMP 
INPUTS 


v- 
TOP VIEW 


DS005652-1 


Order Number LM10BH, LM10CH, 
LM10CLH or LM10H/883 
available per SMA# 5962-8760401 
See NS Package Number H0O8A 


Dual-In-Line Package (N) 


REFERENCE REFERENCE 
OUTPUT FEEDBACK 
oP AMP 

INPUT (-) vt 
oP AMP OP AMP 
INPUT (+) OUTPUT 


v- BALANCE 





TOP VIEW 


DS005652-15 


Order Number LM10CN or LM10CLN 
See NS Package Number NO8E 
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Small Outline Package (WM) 


NC 

NC 

REF OUTPUT 

Op AMP INPUT (=) 
Op AMP INPUT (+) 
ve 

NC 
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Order Number LM10CWM or LM10CWMX 
See NS Package Number M14B 


REFERENCE 


BALANCE OUTPUT FEEDBACK 


V+ 


REFERENCE 


INPUTS OUTPUT 


REFERENCE 





y- 
DS005652-16 
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Absolute Maximum Ratings (notes 1, 8) ESD rating is to be determined. 





if Military/Aerospace specified devices are required, Maximum Junction Temperature 
please contact the National Semiconductor Sales Office/ LM10 150°C | 
Distributors for availability and specifications. LM10B 100°C 
LM10/LM10B/ LM10BL/ LM10C 85°C 
LM10C LM10CL 

Total Supply Voltage 45V 7V Ope rati ng Rati ngs 
Differential Input Voltage (Note 2) +40V +7V 
Power Dissipation (Note 3) internally limited Package Thermal Resistance 
Output Short-circuit Duration (Note 4) continuous Oj, 
Storage-Temp. Range | -—55°C to +150°C H Package 150°C/W 
Lead Temp. (Soldering, 10 seconds) N Package 87°C/W 

Metal Can 300°C WM Package 90°C/W 
Lead Temp. (Soldering, 10 seconds) DIP 260°C 

Vapor Phase (60 seconds) 215°C 84c 

Infrared (15 seconds) 220°C H Package 45°C/W 


See AN-450 “Surface Mounting Methods and Their Effect on 
Product Reliability” for other methods of soldering surface 
mount devices. 

Electrical Characteristics 


T,=25°C, TainSluSTuax (Boldface type refers to limits over temperature range) (Note 5) 


Parameter LM10/LM10B LM10C Units 














[min [Typ [ Max | Min | Typ | Max 
Input offset voltage 2.0 0.5 4.0 mV 
TPE so || ge | i 
Input offset current 0.25 0.7 0.4 2.0 nA 
ie Pe a 
Input bias current 10 20 12 30 nA 
ee ee ee 
Input resistance 250 500 150 400 kQ 
ee ee ee ee: 
Large signal voltage Vs=+20V, loyr=0 © 400 400 V/mV 
gain Vout=£19.95V V/mV 
Vs=t20V, Voyt=+19.4V 130 130 V/mV 
lout=+20 mA (+15 mA) V/mV 
Vsg=+0.6V (0.65V), Ioyr=t2 MA ; 3.0 3.0 V/mV 
| Vour=+0.4V (£0.3V), Vey=-0.4V : V/mV 
Shunt gain (Note 7) 1.2V (1.3V) <Voy7<40V, 33 33 V/imV 
R, =1.1 kQ 
0.1 MAsloy7S5 MA 6 6 V/mV 
1.5V<V*<40V, R, =2502 8 25 6 25 V/imV 
. 0.1 MAsloy7<20 MA 4 4 V/mV 
Common-mode —20VSVomS19.15V (19V) 98 102 90 102 dB 
Supply-voltage —0.2V2V->-39V 90 96 87 96 dB 
rejection V*=1.0V (1.1V) 84 84 dB 
1.0V (1.1V) <V*<39.8V 96 106 93 106 dB 
90 90 dB 
Gfsetvotageait | ——SSCSC~<C~S~—C—SséSSSC‘T | Cid ~SCSC*d—( | ~—=«*;sér 
a Nae SON KS SR ON ER 
Bias current drt —‘[Te<tooe——SS=~=<“~*~*~*é~SC“‘§ CO CTC SCT ~~~ —=* prt 
Line regulation — 1 a (1.3V) <V<<40V 0.001 0.003 0.001 0.008 %IN 
7 OslperS1.0 MA, Vaer=200 mV - ih SIV 
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Electrical Characteristics (Continued). 


T,;=25°C, TyinSTySTmax (Boldface type refers to limits over temperature range) Sicha 5) 


Parameter 
Load regulation 
Amplifier gain 
Feedback sense 
voltage 


Feedback current 


Reference drift 
Supply current 


Supply current change 


[Max | Min | Typ | Max | 
O<laee<1.0 mA _ 0.01 0.15 % 
0.2 % 


V*—Vaeret.OV (1.1V) 
70 ; 1 VémV 
oe V/mV 


0.2VSVpers35V 
mV 


mV 
nA 
nA 


[ree [oes [re 





1.2V (1.3V) <Vg<40V 


Electrical Characteristics 


Tj=25°C, TwinSTuSTmax (Boldface type refers to limits over temperature range) (Note 5) 


Parameter 
Input offset voltage 


Input offset current 
(Note 6) 
Input bias current 


Input resistance 


Large signal voltage 
gain 


Shunt gain (Note 7) 


Common-mode 
rejection. 
Supply-voltage 
rejection 


Offset voltage drift 
Offset current drift 
Bias current drift 
Line regulation 


Load regulation — 
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| Min | Typ | Max | Min | Typ | Max | 

0.3 2.0 0.5 4.0 mV 
EEE 
0.7 nA 

ee me 


10 20 12 30 nA 
ee ee 
250 500 150 400 kQ 

00 40 300 


Vsg=+3.25V, loyr=0 60 3 V/mV 
40 25 V/mV 
10 25 25 V/imV 
4 V/mV 
1.5 3.0 ; 3.0 V/mV 
0.5 .75 VimvV 
30 


Voyt=+3.2V 
Vg=+3.25V, loyt=10 mA 
Voyr=#2.75 V 

eee ee ee ie ee ae nas t parc 
1.2V (1.3V) <V5<6.5V 0.001 | 0.01 0.001 | 0.02 | %v 
O<lpaer<0.5 mA 01 0.1 0.15 
Se ad Ft eal 











Vout=+0.4V (£0.3V), Voy=—-0.4V 
1.5V<V*<6.5V, R, =500Q 

0.1 MASloy7S10 MA 
~3,25V<Voy<2.4V (2.25V) 
Vg=+3.25V 

-0.2V>V->-5.4V 

V+=1.0V (1.2V) 


1.0V (1.1V) <V*<6.3V 





Vs=+0.6V (0.65V), loyt= £2 mA 
Vt—Vaer2t.0V (1.1V) 


i} 
i 


Electrical Characteristics (continues) 


T =25°C, TwinSTySTmax (Boldface type refers to limits over temperature range) (Note 5) 


Parameter Conditions LM10BL LM10CL Units 


Amplifier gain 0.2VSVpers5.5V 


Feedback sense voltage 195 200 205 190 200 210 mV 
Feedback current 20 50 22 75 nA 
ee ee ee ee 


Reference dr ce as er 


Supply current 260 400 280 500 UA 
500 570 UA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func- 
tional, but do not guarantee specific performance limits. 

Note 2: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential 
input voltage and excess dissipation is accounted for when Viy<V™. 

Note 3: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LM10B(L) and 85°C for the LM10C(L). At elevated temperatures, devices 
must be derated based on package thermal resistance. 

Note 4: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the IC can be subjected to accelerated stress with a shorted output 
and worst-case conditions. 

Note 5: These specifications apply for V-<VcoysV*—-0.85V (1.0V), 1.2V (1.3V) <Vs<Vax, Vaer=0.2V and O<siper<1.0 mA, unless otherwise specified: Viyax=40V 
for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface type indicates limits and altered test conditions for 
full-temperature-range operation; this is -55°C to 125°C for the LM10, —25°C to 85°C for the LM10B(L) and 0°C to 70°C for the LM10C(L). The specifications do 
not include the effects of thermal gradients (t;=20 ms), die heating (to=0.2s) or package heating. Gradient effects are small and tend to offset the electrical error (see 
curves). 


Note 6: For Tj>90°C, log may exceed 1.5 nA for Vey=V™. With Ty=125°C and V"sVcysV+0.1V, logs5 nA. 
Note 7: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V* terminal of the IC 


and input common mode is referred to V" (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for by adding 
the positive-supply rejection error. 


Note 8: Refer to RETS10X for LM10H military specifications. 


OLW) 





Definition of Terms 


Input offset voltage: That voltage which must be applied Load regulation: The change in reference output voltage 
between the input terminals to bias the unloaded output in from no load to that load specified. 

the linear region. Feedback sense voltage: The voltage, referred to V~, on 
Input offset current: The difference in the currents at the in- the reference feedback terminal while operating in regula- 
put terminals when the unloaded output is in the linear re- tion. 

gion. Reference amplifier gain: The ratio of the specified refer- 
Input bias current: The absolute vaiue of the average of the ence output change to the change in feedback sense voltage 
two input currents. required to produce it. 

Input resistance: The ratio of the change in input voltage to Feedback current: The absolute value of the current at the 
the change in input current on either input with the other feedback terminal when operating in regulation. 

grounded. Supply current: The current required from the power 
Large signal voltage gain: The ratio of the specified output source to operate the amplifier and reference with their out- 
voltage swing to the change in differential input voltage re- puts unloaded and operating in the linear range. 


quired to produce it. 


Shunt gain: The ratio of the specified output voltage swing 
to the change in differential input voltage required to produce 
it with the output tied to the V* terminal of the IC. The load 
and power source are connected between the V* and V~ ter- 
minals, and input common-mode is referred to the V~ termi- 
nal. 


Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the extremes. 
Supply-voltage rejection: The ratio of the specified 
supply-voltage change to the change in offset voltage be- 
tween the extremes. 

Line regulation: The average change in reference output 
voltage over the specified supply voltage range. 
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LM13700 


National Semiconductor 


Dual Operational Transconductance Amplifiers with 
Linearizing Diodes and Buffers 


- General Description 


The LM13700 series consists of two current controlled 
transconductance amplifiers, each with differential inputs 
and a push-pull output. The two amplifiers share common 
supplies but otherwise operate independently. Linearizing di- 
odes are provided at the inputs to reduce distortion and allow 
higher input levels. The result is a 10 dB signal-to-noise im- 
provement referenced to 0.5 percent THD. High impedance 
buffers are provided which are especially designed to 
complement the dynamic range of the amplifiers. The output 
buffers of the LM13700 differ from those of the LM13600 in 
that their input bias currents (and hence their output DC lev- 
els) are independent of Iago. This may result in performance 
superior to that of the LM13600 in audio applications. 


Features 


= 9, adjustable over 6 decades 


Connection Diagram 


m Excellent g,, linearity 

_m™ Excellent matching between amplifiers 
m Linearizing diodes | 
m™ High impedance buffers 
= High output signal-to-noise ratio 


Applications 

m@ Current-controlled amplifiers 

m Current-controlled impedances 
m™ Current-controlled filters 

=m Current-controlled oscillators 
# Multiplexers 

m= Timers 

= Sample-and-hold circuits 


Dual-in-Line and Small Outline Packages 


AMP 
BIAS DIODE INPUT INPUT BUFFER BUFFER 
OUTPUT = V* = INPUT = OUTPUT 


INPUT  ~=—s BIAS: (+) (-) 









AMP DIODE INPUT INPUT OUTPUT V- BUFFER BUFFER 


BIAS BIAS (+) (-) 
INPUT 


INPUT OUTPUT 


DS007981-2 


Top View 
Order Number LM13700M, LM13700MX or LM13700N 
See NS Package Number M16A or N16A 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Note 2) 


LM13700 


Power Dissipation (Note 3) T, = 25°C 


LM13700N 


Differential Input Voltage 


Diode Bias Current (Ip) 


Amplifier Bias Current (lagc) 
Output Short Circuit Duration 


Buffer Output Current (Note 4) 


Operating Temperature Range 
LM13700N 

DC Input Voltage 

Storage Temperature Range 

Soldering Information 


36 Voc or +18V Dual-In-Line Package 


0°C to +70°C 
+Vo to —Vs 
-65°C to +150°C 


Soldering (10 sec.) 260°C 
570 mW Small Outline Package 
+5V Vapor Phase (60 sec.) 215°C 
2mA Infrared (15 sec.) 220°C 
2mA See AN-450 “Surface Mounting Methods and Their Effect 
; on Product Reliability” for other methods of soldering 
Continuous surface mount devices. 
20 mA 


Electrical Characteristics (note 5) 


Parameter 


Input Offset Voltage (Vos) 


Vos Including Diodes 
Input Offset Change 
Input Offset Current 
Input Bias Current 


Forward 
Transconductance (g,,) 
Om Tracking 

Peak Output Current 


Peak Output Voltage 
Positive 
Negative 

Supply Current 

Vos Sensitivity 
Positive 
Negative 

CMRR 

Common Mode Range 

Crosstalk 


Differential Input Current 


Leakage Current 
Input Resistance 
Open Loop Bandwidth 
Slew Rate 

Buffer Input Current 


Peak Buffer Output Voltage 


LM13700 
Typ 


Over Specified Temperature Range 





laac = 5 HA 
Diode Bias Current (Ip) = 500 WA 


5 WA < lap < 500 pA 


Over Specified Temperature Range 


9600 13000 


Over Specified Temperature Range 


whe .jejelolo|o 9 
w Blof] orf; © f 


o1 
‘o) 
oO 
Oo 
oT 
oO 


Ri = 0, lac = 5 HA 
Ry, = 0, laBc = 500 UA 350 
R, = 0, Over Specified Temp Range 300 


+12 $14.2 
R. = ©, 5UA < Iago < 500 PA =12 -14.4 


nec = 500A, Both Channels ———~SC=*SCC*‘“‘“ztC*i 


20 150 
20 150 


ee 
ae [ates [ 


100 


Ry Os 5 UA < lapc < 500 UA 





AVos/AV* 
AVos/AV- 








Referred to Input (Note 6) 
20 Hz < f < 20 kHz 
laBc = 0, Input = +4V 


lanc = O (Refer to Test Circuit) 









0.02 
0.2 


100 
100 


NO 


Eee ete a ee es oe ee 


50 
oes) SC—C—SsSSSSY OCC 


Units 


mV 


mV 
mV 
UA 
UA 


umho 


dB 


UA 


mA 


uV/V 
uV/V 
dB 


dB 


nA 
nA 
kQ 
MHz 
V/us 
A 
V 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 


Note 2: For selections to a supply voltage above +22V, contact factory. 
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Electrical Characteristics (Note 5) (Continued) 


Note 3: For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance, 
junction to ambient, as follows: LM13700N, 90°C/W; LM13700M, 110°C/W. 

Note 4: Buffer output current should be limited so as to not exceed package dissipation. 

Note 5: These specifications apply for Vg = +15V, Ta = 25°C, amplifier bias current (lagc) = 500 YA, pins 2 and 15 open unless otherwise See: The inputs to 
the buffers are grounded and outputs are open. 

Note 6: These specifications apply for Vg = +15V, lagc = 500 HA, Rout = 5 kQ connected from the buffer output to -Vs and the input of the buffer is connected 
to the transconductance amplifier output. 


LM13700 


Schematic Diagram 


One Operational Transconductance Amplifier 
vt | 


We 
p4 D6 
ee oie BUFFER 
INPUT 
7 7,10 
a7 anc 
DIODE BIAS _ 


2,15 
D3 
—INPUT . +INPUT 


4,13 3,14 


O13, BUFFER 
OUTPUT 89 







9 OUTPUT 
5,12 


AMP BIAS 
INPUT 


- | La Ct 
Qi 08 


DS007981-1 


30 K 


O Vo 


f =FASm 
(R¥Ra)2nc 


DS007981-18 


Voltage Controlled Low-Pass Filter 
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LM101A/LM201A/LM301A 
Operational Amplifiers 


General Description 


The LM101A series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. Advanced processing techniques 
make possible an order of magnitude reduction in input cur- 
rents, and a redesign of the biasing circuitry reduces the 
temperature drift of input current. Improved specifications in- 
clude: 


Offset voltage 3 mV maximum over temperature 
(LM101A/LM201A) 


Input current 100 nA maximum over temperature 
(LM101A/LM201A) 


Offset current 20 nA maximum over temperature 
(LM101A/LM201A) 


Guaranteed drift characteristics 


Offsets guaranteed over entire common mode and sup- 
ply voltage ranges 


Slew rate of 10V/us as a summing amplifier 


This amplifier offers many features which make its appli- 
cation nearly foolproof: overload protection on the input 


Fast AC/DC Converter (note 1) 


INPUT 





National Semiconductor 


and output, no latch-up when the common mode range is 
exceeded, and freedom from oscillations and compensa- 
tion with a single 30 pF capacitor. It has advantages over 
internally compensated amplifiers in that the frequency 
compensation can be tailored to the particular applica- 
tion. For example, in low frequency circuits it can be over- 
compensated for increased stability margin. Or the com- 
pensation can be optimized to give more than a factor of 
ten improvement in high frequency performance for most 
applications. 


In addition, the device provides better accuracy and lower 
noise in high impedance circuitry. The low input currents 
also make it particularly well suited for long interval inte- 
grators or timers, sample and hold circuits and low fre- 
quency waveform generators. Further, replacing circuits 
where matched transistor pairs buffer the inputs of con- 
ventional IC op amps, it can give lower offset voltage and 
a drift at a lower cost. 


The LM101A is guaranteed over a temperature range of 
—55°C to +125°C, the LM201A from —25°C to +85°C, and 
the LM301A from 0°C to +70°C. 


C2 
10 uF 


OUTPUT 


Bt C3* 


30 pF 
DS007752-33 


Note 1: Feedforward compensation can be used to make a fast full wave rectifier without a filter. 
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LM101A/LM201A/LM301A 


Absolute Maximum Ratings (note 2) 


If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. / 


LM101A/LM201A LM301A 
Supply Voltage +22V | +18V. 
Differential Input Voltage +30V +30V. 
input Voltage (Note 3) +15V —+15V 
Output Short Circuit Duration (Note 4) Continuous Continuous 
Operating Ambient Temp. Range —55°C to +125°C (LM101A) 0°C to +70 C 
| -25°C to +85°C (LM201A) : 
Ty Max | . 
H-Package 150°C 100°C 
N-Package | 150°C 100°C 
J-Package 150°C 100°C 
Power Dissipation at T, = 25°C 7 
. H-Package (Still Air) 500 mW ~ 300 mW 
(400 LF/Min Air Flow) | 1200 mW 700 mW 
N-Package 900 mW 500 mw 
J-Package 1000 mw 650 mw 
Thermal Resistance (Typical) 8; | 
H-Package (Still Air) 165°C/W Lt 165°C/W 
(400 LF/Min Air Flow) | 67°C/W . 67°C/W 
N Package | 135°C/W 135°C/W 
J-Package 110°C/W | | 110°CmW 
(Typical) jc | | 
H-Package 25°C/W 25°C/W 


Storage Temperature Range ~65°C to +150°C ~65°C to +150°C 


Lead Temperature (Soldering, 10 sec.) 


Metal Can or Ceramic 300°C 300°C 
Plastic 260°C 260°C 
ESD Tolerance (Note 7) 2000V 2000V 


Electrical Characteristics (Note 5) 


Ta= Ty 
LM101A/LM201A LM301A Units 
| Typ [Max [Min | Typ [Max | 


[Min | 
Input Offset Voltage Ta = 25°C, Rg < 50 kQ ld OF |-20) | 20° 764 mv 
Input Offset Current Ty = 25°C | | 61506 | tof) | 3800 «| 50 [oA 
T,= 25 a 


Input Bias Current 


Parameter 


Input Resistance Ty = 25°C Pa aS ee ae MQ 
Supply Gurren T= 25°C [vexsaw [ [se [aot [ [| 


Ee ae a CR 


Large Signal Voltage Gain Ta = 25°C, Vg = £15V 160 V/mV 
Vout = £10V, R, = 2 kQ 





Input Offset Voltage 


PRs S50kKQ ssid 


Average Temperature Coefficient | Rg < 50 kQ 15 30 uVv/’C 
of Input Offset Voltage 


Input Offset Current i aes ee ea Ee Eos nA 
Average Temperature Coefficient | 25°C < Ty < Trax a ee eee nA/°C 
input Bias Current a GO OT 
Supply Current Tas Twa Ve=e20v +t | 12 [as] | | | ma 
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Electrical Characteristics (Note 5) (Continued) 


Tee Ty 
Parameter Conditions LM101A/LM201A LM301A Units 





VLOEW TV LOCINNT/VLOLINT 


[Min | Typ [Max |Min | Typ [Max | 
Large Signal Voltage Gain Ve = t15V, Voyr = £10V 25 ten 4 VimV 
R. > 2k 
Output Voltage Swing Vg = +15V +12 zz ee +12 ) 14 || V 
input Votage Range Ea 
a eT el 
~13 =13 
CommonMode Rejection Rao [Re=50KO——~=S*~<~*~—r BOTY SCO] «dC 
Supply Voltage Rejection Ratio [Re =50ka ~~~ | a8] ~~] es | iY 


Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.Operating ratings indicate for which the device is functional, but 
do no guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guarantee spe- 
cific limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is given, however, the typical 
value is a good indication of device performance. 


Note 3: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 4: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101A/LM201A, and 70°C and 55°C respectively 
for LM301A. 


Note 5: Unless otherwise specified, these specifications apply for C1 = 30 pF, t5V < Vs < +20V and -55°C < T, < +125°C (LM101A), 5V < Vg < £20V and -25’°C 
< Ta S$ +85°C (LM201A), +5V < Vg < £15V and 0°C < Ty < +70°C (LM301A). 


Note 6: Refer to RETS101AX for LM101A military specifications and RETS101X for LM101 military specifications. 
Note 7: Human body model, 100 pF discharged through 1.5 kQ. 
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LM118/LM218/LM318 
Operational Amplifiers | 


General Description 


The LM118 series are precision high speed operational am- 
plifiers designed for applications requiring wide bandwidth 
and high slew rate. They feature a factor of ten increase in 
speed over general purpose devices without sacrificing DC 
performance. : | 


The LM118 series has internal unity gain frequency compen- 
sation. This considerably simplifies its application since no 
external components are necessary for operation. However, 
unlike most internally compensated amplifiers, external fre- 
quency compensation may be added for optimum perfor- 
mance. For inverting applications, feedforward compensa- 
tion will boost the slew rate to over 150V/us and almost 
double the bandwidth. Overcompensation can be used with 
the amplifier for greater stability wnen maximum bandwidth 
is not needed. Further, a single capacitor can be added to re- 
duce the 0.1% settling time to under 1 us. 


The high speed and fast settling time of these op amps make 
them useful in A/D converters, oscillators, active filters, 


Fast Voltage Follower 
(Note 1) 


10K 3 
INPUT 


Note 1: Do not hard-wire as voltage follower (R1 > 5 kQ) 
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sample and hold circuits, or general purpose amplifiers. 
These devices are easy to apply and offer an order of mag- 
nitude better AC performance than industry standards such 
as the LM709. 

The LM218 is identical to the LM118 except that the LM218 
has its performance specified over a —-25°C to +85°C tem- 
perature range. The LM318 is specified from 0°C to +70°C. 


Features 


m 15 MHz small signal bandwidth 
m= Guaranteed 50V/us slew rate 


m8 Maximum bias current of 250 nA 


= Operates from supplies of +5V to +20V 

m Internal frequency compensation 

m Input and output overload protected 

m= Pin compatible with general purpose op amps 


OUTPUT 


DS007766-13 
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r 
: ‘ = 
Absolute Maximum Ratings (Note 7) Lead Temperature (Soldering, 10 sec.) — 
If Military/Aerospace specified devices are required, Hermetic Package 300°C < 
please contact the National Semiconductor Sales Office/ Plastic Package 260°C = 
Distributors for availability and specifications. Soldering Information N 
Supply Voltage +20V Dual-In-Line Package @ 
; : r 
Power Dissipation (Note 2) 500 mW Soldering (10 sec.) 260°C = 
Differential Input Current (Note 3) +10 mA Small Outline Package = 
Input Voltage (Note 4) +15V Vapor Phase (60 sec.) 215°C 
Output Short-Circuit Duration Continuous Infrared (15 sec.) 220°C 
Operating Temperature Range See AN-450 “Surface Mounting Methods and Their Effect 


on Product Reliability” for other methods of soldering 


LM118 -55°C to +125°C surface mount devices. 
LM218 -25°C to +85°C ESD Tolerance (Note 8) 2000V 
LM318 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 


Electrical Characteristics (note 5) 


Parameter Conditions LM118/LM218 LM318 Units 


eee. ee ee eee 
input Offset Voltage Taso SSSSC~dESC“‘iC 2? | # || 4 | 10 | ow 
Input Bias Current rTa=25C ——( ssi‘ UW!C*#CO*‘*d:«CAQCQ+~*SL«25O | | 150 { 500 | nA 
Supply Current Ta=asoSSOSC~=<“—~*~*dSC“‘('S| ‘| 8 || 8 | 10 | ma 
Large Signal Voltage Gain Ta = 25°C, Vg = +15V 50 200 25 200 V/mV 
Slew Rate Ta = 25°C, Vg = £15V, Ay = 1 50 70 50 70 V/us 

ne a ial al ll 
Small Signal Bandwidth TTa= 25 Vesey | | | | (| 6 | ‘| Mie 
input Offset Vottags Po T™—C Cd 
Input Offset Current ee ee ee a oe 
Supply Current Thame S«diSsCi‘i AT 7] | ~| ~~ Cd CY ma 
Large Signal Voltage Gain Vg = £15V, Vout = £10V 25 20 V/imV 

nat Ft et 
Output Voltage Swing +12 retoap | +12 +13 = V 
Input Voltage Range #11.5 ee a #£11.5 an aa V 
Common-Mode Rejection Ratio eee eee (ae 100 a ee 100 a dB 
Supply Vollage Rejection Ratio | ——=—=SsS~C~C~id CS ~Cd| | CTs | BO | CC 


Note 2: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated temperatures, devices 
in the HO8 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 


Note 3: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
1V is applied between the inputs unless some limiting resistance is used. 


Note 4: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 5: These specifications apply for +5V < Vs < +20V and -55°C < Ty < +125°C (LM118), -25°C < Ty, < +85°C (LM218), and 0°C < Ta < +70°C (LM318). Also, 
power supplies must be bypassed with 0.1 pF disc capacitors. 


Note 6: Slew rate is tested with Vs = +15V. The LM118 is in a unity-gain non-inverting configuration. Vix is stepped from —7.5V to +7.5V and vice versa. The slew 
rates between —5.0V and +5.0V and vice versa are tested and guaranteed to exceed 50V/us. 


Note 7: Refer to RETS118X for LM118H and LM118J military specifications. 
Note 8: Human body model, 1.5 kQ in series with 100 pF. 
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LM12CL 
80W Operational Amplifier 


General Description 


The LM12 is a power op amp capable of driving +25V at 
+10A while operating from +30V supplies. The monolithic IC 
can deliver 80W of sine wave power into a 4Q load with 
0.01% distortion. Power bandwidth is 60 kHz. Further, a 
peak dissipation capability of 800W allows it to handle reac- 
tive loads such as transducers, actuators or small motors 
without derating. Important features include: 

e input protection 

¢ controlled turn on 

e thermal limiting 

¢ overvoltage shutdown 

¢ output-current limiting 

e dynamic safe-area protection 

The IC delivers +10A output current at any output voltage 
yet is completely protected against overloads, including 
shorts to the supplies. The dynamic safe-area protection is 
provided by instantaneous peak-temperature limiting within 
the power transistor array. 

The turn-on characteristics are controlled by keeping the 
output open-circuited until the total supply voltage reaches 
14V. The output is also opened as the case temperature ex- 


Connection Diagram 


OUT =IN 


+IN 





V" (CASE) 
DS008704-1 
4-pin glass epoxy TO-3 
socket is available from 
AUGAT INC. 
Part number 8112-AG7 
Bottom View 


Order Number LM12CLK 
See NS Package Number K04A 
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ceeds 150°C or as the supply voltage approaches the 
BV ceo Of the output transistors. The IC withstands overvolt- 
ages to 80V. 


This monolithic op amp is compensated for unity-gain feed- 
back, with a small-signal bandwidth of 700 kHz. Slew rate is 
9V/us, even as a follower. Distortion and capacitive-load sta- 
bility rival that of the best designs using complementary out- 
put transistors. Further, the IC withstands large differential 
input voltages and is. well behaved should _ the 
common-mode range be exceeded. | | 


The LM12 establishes that monolithic ICs can deliver consid- 
erable output power without resorting to complex switching 
schemes. Devices can be paralleled or bridged for even 
greater output capability. Applications include operational 
power supplies, high-voltage regulators, high-quality audio 
amplifiers, tape-head positioners, x-y plotters or other 
servo-control systems. 


The LM12 is supplied in a four-lead, TO-3 package with V- 
on the case. A gold-eutectic die-attach to a molybdenum in- 
terface is used to avoid thermal fatigue problems. The LM12 
is specified for either military or commercial temperature 
range. 


Typical Application* 


1.5n 


common 
ground 
point 





DS008704-2 


*Low distortion (0.01%) audio amplifier 
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= 
a a = 
Absolute Maximum Ratings (Note 1) Storage Temperature Range —65°C to 150°C = 
If Military/Aerospace specified devices are required, Lead Temperature © 
please contact the National Semiconductor Sales Office/ (Soldering, 10 seconds) 300°C 


Distributors for availability and specifications. 


Total Supply Voltage (Note 1) 80V Operating Ratings 





Input Voltage (Note 2) Total Supply Voltage 15V to 60V 
Output Current Internally Limited Case Temperature (Note 4) 0°C to 70°C | 
Junction Temperature (Note 3) | 


Electrical Characteristics (note 4) 


Parameter Conditions Typ 
25°C 


Input Offset Voltage +10V < Vo < £0.5 Visax, Vom = 0 


LM12CL Units 
Limits 
15/20 mvV (max) 















| kMizch 
| Limits | 
Input Bias Current V- + 4V < Vow Ss V+ -2V 0.15 YA (max) 
Input Offset Current V— +4V < Vow S$ V+ -2V 0.03 UA (max) 
Common Mode V— +4V < Von < V+ -2V 70/65 dB (min) 
Rejection a 
Power Supply V+ = 0.5 Vinax; 90 70/65 dB (min) 
Rejection —6V = V- = -0.5 Visax 
V— = -0.5 Visax; 110 75/70 dB (min) 
6V < V+ < 0.5 Vmax 
Output Saturation ton = 1 Ms, 
Threshold AVin = 5 (10) mV, 
lout = 1A 1.8 2.2/2.5 V (max) 
8A 4 5/7 V (max) 
10A 5 V (max) 
Large Signal Voltage ton = 2 ms, 
Gain Vsat = 2V, lout = 0 100 30/20 V/mV (min) 
Vsatr = 8V, Ry = 42 50 15/10 V/mvV (min) 
Thermal Gradient Poiss = SOW, ton = 65 Ms 30 100 uV/W (max) 
Output-Current Limit ton = 10 mS, Vpisg = 10V 13 16 A (max) 
ton = 100 ms, Vpiss = 58V 1.5 0.9/0.6 A (min) 
1.5 1.7 A (max) 
Power Dissipation ton = 100 ms, Vpisg = 20V 100 80/55 W (min) 
Rating Voiss = 58V 80 W (min) 
DC Thermal Resistance (Note 5) Vpiss = 20V 2.3 2.9 °C/W (max) 
AG Thermal Resistance “CM (max) 
Supply Gurren [Vour=Olor=0 +460 —«Y SSRs (max) 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the device may occur. The maximum voltage for which the LM12 is guaranteed to operate 
is given in the operating ratings and in Note 4. With inductive loads or output shorts, other restrictions described in applications section apply. 


Note 2: Neither input should exceed the supply voltage by more than 50 volts nor should the voltage between one input and any other terminal exceed 60 volts. 
Note 3: Operating junction temperature is internally limited near 225°C within the power transistor and 160°C for the contro! circuitry. 


Note 4: The supply voltage is +30V (Vijax = 60V), unless otherwise specified. The voltage across the conducting output transistor (supply to output) is Vpjgg and 
internal power dissipation is Ppjgs. Temperature range is 0°C < Tc < 70°C where Tc is the case temperature. Standard typeface indicates limits at 25°C while bold- 
face type refers to limits or special conditions over full temperature range. With no heat sink, the package will heat at a rate of 35°C/sec per 100W of internal 
dissipation. 

Note 5: This thermal resistance is based upon a peak temperature of 200°C in the center of the power transistor and a case temperature of 25°C measured at the 
center of the package bottom. The maximum junction temperature of the control circuitry can be estimated based upon a dc thermal resistance of 0.9°C/W or an ac 
thermal resistance of 0.6°C/W for any operating voltage. 


Although the output and supply leads are resistant to electrostatic discharges from handling, the input leads are not. 
The part should be treated accordingly. 
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LM124/LM224/LM324/LM2902 
Low Power Quad Operational Amplifiers 


General Description 


The LM124 series consists of four independent, high gain, 
internally frequency compensated operational amplifiers 
which were designed specifically to operate from a single 
power supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power sup- 
ply current drain is independent of the magnitude of the 
power supply voltage. 


Application areas include transducer amplifiers, DC gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM124 series can be directly oper- 
ated off of the standard +5V power supply voltage which is 
used in digital systems and will easily provide the required 
interface electronics without requiring the additional +15V 
power supplies. 


Unique Characteristics 

m In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage 

m™ The unity gain cross frequency is temperature 
compensated . 

m The input bias current is also temperature compensated 


Connection Diagram 


Advantages 

m Eliminates need for dual supplies . 

m Four internally compensated op amps in a single 
package Oo 

m Allows directly sensing near GND and Vogyrz also goes 
to GND 

m= Compatible with all forms of logic 

m= Power drain suitable for battery operation 


Features 
m internally frequency compensated for unity gain 
m Large DC voltage gain 100 dB 
m Wide bandwidth (unity gain) 1 MHz 
(temperature compensated) 
m= Wide power supply range: 
Single supply 3V to 32V 
or dual supplies +1.5V to +16V 
m Very low supply current drain (700 pA) — essentially 
independent of supply voltage 
m Low input biasing current 45 nA 
(temperature compensated) 
m= Low input offset voltage 2 mV 
and offset current: 5 nA 
m Input common-mode voltage range includes ground 
= Differential input voltage range equal to the power 
supply voltage 
m Large output voltage swing OV to V* - 1.5V 


Dual-In-Line Package 


INPUT 4* 


QUTPUT 4 INPUT 4~ 





OUTPUT 1 INPUT1~ INPUT 1* 


GND 


INPUT 3* INPUT3—- OUTPUT 3 





yt INPUT 2* INPUT 2~ OUTPUT 2 


DSo009299-1 


Top View 
Order Number LM124J, LM124Au, LM124J/883 (Note 2), LM124AJ/883 (Note 1), LM224J, 
LM224AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2902MX, LM324N, LM324AN, 
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124AJRQMLV(Note 3) 
See NS Package Number J14A, M14A or N14A — 


Note 1: LM124A available per JM38510/11006 
Note 2: LM124 available per JM38510/11005 
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Connection Diagram (continued) 


Note 3: See STD Mil DWG 5962R99504 for Radiation Tolerant Device 







OUTPUT 1 Lo 


ve 4 LMtzaw) E'S on 


INPUT 3- 
OUTPUT 3 
DS009299-33 


Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883 
LM124AWRQML and LM124AWRQMLV(Note 3) 
See NS Package Number W14B 
LM124AWGRQML and LM124AWGRQMLV(Note 3) 
See NS Package Number WG14A 


Schematic Diagram (Each Amplifier) 


OUTPUT 2 D= 


) 1 3 
sc 
a e 
INPUTS : ae OUTPUT 
u13 
® 





DSo009299-2 
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LM124/LM224/LM324/LM2902 


Absolute Maximum Ratings (note 12) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for evarabinty and specifications. 


Supply Voltage, V* 
Differential Input Voltage 
Input Voltage 
Input Current 
(Vin < —0.3V) (Note 6) 
Power Dissipation (Note 4) 
Molded DIP 
Cavity DIP 
Small Outline Package 
Output Short-Circuit to GND 
(One Amplifier) (Note 5) 
V+ < 15V and T, = 25°C 
Operating Temperature Range 
LM324/LM324A | 
LM224/LM224A 
LM124/LM124A 
Storage Temperature Range | 
Lead Temperature (Soldering, 10 seconds) 
Soldering Information 
Dual-In-Line Package 
Soldering (10 seconds) 
Small Outline Package - 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


LM124/LM224/LM324 
LM124A/LM224A/LM324A 
32V 
32V 
—0.3V to +32V 


50 mA 


1130 mW 
1260 mW 
800 mW 


Continuous 


0°C to +70°C 
~—25°C to +85°C 
-55°C to +125°C 
~ ~65°C to +150°C 
260°C 


260°C 


215°C 
220°C © 


LM2902 
26V 
26V 
-—0.3V to +26V 
50 mA 
1130 mW 


1260 mW 
800 mW 


Continuous 
—40°C to +85°C 


-—65°C to +150°C 


260°C 


260°C 


215°C 
220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 


devices. 
ESD Tolerance (Note 13) 


Electrical Characteristics 


V* = +5.0V, (Note 7), unless otherwise stated 


250V 


250V 


Parameter 


Input Offset Voltage 
Input Bias Current 
(Note 9) 

Input Offset Current 


Input Common-Mode 
Voltage Range (Note 10) 
Supply Current 


Large Signal 
Voltage Gain 
Common-Mode 
Rejection Ratio 
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. 
Units 

| Or lin), Vow = OV, 
IN(+) OF HIN(-)» Vom nA 
Ta = 25°C 
lings) OF line)» Vom = OV, nA 
Ta = 25°C 
V* = 30V, (LM2902, V* = 26V), vi-15 [| V 
Tx =25'C 


Over Full Temperature Range 
R, = ce On All Op Amps 


V* = 30V (LM2902 V* = 26V) 
Vt = 5V 

Vt = 15V, R> 2kQ, 
(Vo = 1V to 11V), Ta = 25°C 

DC, Vom = OV to V* — 1.5V, 70 385 70 85 65 85 dB 
Ta = 25°C 





Electrical Characteristics (Continued) 


V* = +5.0V, (Note 7), unless otherwise stated 
LM124A 
Parameter Conditions - 
n Typ Max 


LM224A 
i Typ Max 


LM324A 
Min Typ 


Units 


fl 
= 
s 
: 
x 


COGCIN T/VCEWN T/CCIN T/VCLIN | 












Power Supply V* = 5V to 30V 
Rejection Ratio (LM2902, V* = 5V to 26V), 65 100 65 100 65 100 dB 
Ta = 25°C 
Amplifier-to-Amplifier f = 1 kHz to 20 kHz, Ty = 25°C -120 -120 -120 dB 
Output Current Source | Vin” = 1V, Vin’ = OV, 40 20 40 
aie V* = 15V, Vo = 2V, Ta = 25°C mA 
Sink Vine = 1V, Vint = OV, 0 20 10 20 
Vt = 15V, Vo = 2V, Ta = 25°C 
Viny = 1V, Vint = OV, 50 12 50 UA 


Vt = 15V, Vo = 200 mV, Ta = 25°C 
Short Circuit to Ground (Note 5) V* = 15V, Ty, = 25°C 40 60 40 60 40 60 mA 


NO 
jo) 
j=) 
—_— 
oO 
NO 
Oo 
oO 


Input Bias Current N(+) OF Tiny 40 100 40 100 40 200 nA 


I 
Input Common-Mode Vt = +30V 


WO 


0 V*-2 0 Vt-2 0 Vt-2 V 
Voltage Range (Note 10) (LM2902, V* = 26V) 
Large Signal V* = +15V (VoSwing = 1V to 11V) 
Voltage Gain Ry = 2 kQ VimV 


Np 
© 


on 

mi nrin 

NI] Oo} a 
a} & 

Min] — 

NJ] oO} a 
Ol ® 

< 


NR 
Oo 


Output Voltage Vou Vt = 30V Ry = 2 kQ 26 
Swing (LM2902, V* = 26V) R, = 10 kQ 27 ~—_ 28 
V* = 5V, R, = 10 kQ 5 


Output Current Vo = 2V 
Sink Vin" = +1V, 10 15 
Vin* = OV, | 
Vt = 15V 


Electrical Characteristics 


V* = +5.0V, (Note 7), unless otherwise stated 


—_— 

oO 

nN 

oo) 

te 

Oo 

no 

ro) 

—_ 

Oo 

n 

or) 
no 
os 
3 
< 


3 
> 





Ol 
oe 
O1 
ioe] 


| - LM124/LM224 LM324 LM2902 
Parameter Conditions - ~ - Units 
Min Typ Max |Min Typ Max |Min Typ Max 
Input Bias Current | or liny-), Vow = OV, 
De eos 45 150 45 250 45 250 | nA 
(Note 9) Tav225-C 
Input Offset Current linc) OF Tin), Vom = OV, 3 30 5 50 5 50 nA 
Ta = 25°C 
Input Common-Mode Vt = 30V, (LM2902, V* = 26V), 0 V*-1.5 0 V*-1.5 0 Vt-1.5 V 
Voltage Range (Note 10) Ta = 25°C | 
Supply Current Over Full Temperature Range 


R, = cc On All Op Amps 


V* = 30V (LM2902 V* = 26V) 
V* = 5V 





Large Signal Vt = 15V, R= 2kQ, 

Voltage Gain (Vo = 1V to 11V), Ta = 25°C 

Common-Mode DC, Vom = OV to V* — 1.5V, 70 85 65 85 50 70 dB 
Rejection Ratio Ta = 25°C 

Power Supply V* = 5V to 30V 

Rejection Ratio (LM2902, V* = 5V to 26V), 65 100 65 100 50 100 dB 
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LM124/LM224/LM324/LM2902 


Electrical Characteristics (continued) 


Vt = +5.0V, (Note 7), unless otherwise stated 


LM124/LM224 LM324 LM2902 
Parameter Conditions Units 
Ta = 25°C 


Amplifier-to-Amplifier . | f = 1 kHz to 20 kHz, Ta = 25°C ~120 -120 ; -120 dB 
Coupling (Note 11) (Input Referred) 
Vint = 1V, Vine = OV, 20 40 20 40 20 40 
Vt = 15V, Vo = 2V, Ta = 25°C mA: 
Sink Vin” = 1V, Vin* = OV, 10 20 10 20 10 20 

Vt = 15V, Vo = 2V, Ta = 25°C 


» 


Output Current Source 












Vin” = 1V, Vin* = OV, 12 50 12 50 12 50 UA 

V* = 15V, Vo = 200 mV, Ty = 25°C 
Short Circuit to Ground (Note 5) V* = 15V, Ty = 25°C 40 60 40 60 40 60 mA 
Input Offset Current lng) — line, Vom = OV 100 150 45 200 nA 
Input Bias Current 300 40 500 nA 
Input Common-Mode Vt = +30V 0 Vt—2 0 Vt-2 0 Vt-2 V 
Voltage Range (Note 10) (LM2902, V* = 26V) | 
Large Signal Vt = +15V (VoSwing = 1V to 11V) 

v 


Output Voltage Vou V* = 30V Rp = 2 kQ Sa 


Swing = Vt = 26V)_ R, = 10 kQ 27:28 23. 
10 20 10 20 


mA 


Output Current ie = 2V 
Sink 


Note 4: For operating at high temperatures, the LM324/LM324A/LM2902 must be derated based on a +125°C maximum junction temperature and a thermal resis- 
tance of 88°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be de- 
rated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers — use external resistors, where possible, to allow the am- 
plifier to saturate of to reduce the power which is dissipated in the integrated circuit. 





Note 5: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power 
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

Note 6: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran- 
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 
IC chip. This transistor action can cause the output voltages of the op amps to go to the V* voltage level (or to ground for a large overdrive) for the time duration that 
an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value 
greater than —0.3V (at 25°C). 

Note 7: These specifications are limited to -55°C < Ta < +125°C for the LM124/LM124A. With the LM224/LM224A, all temperature specifications are limited to -25°C 
< T, < +85°C, the LM324/LM324A temperature specifications are limited to 0°C < Ty < +70°C, and the LM2902 specifications are limited to -40°C < Ty < +85°C. 


Note 8: Vo = 1.4V, Rg = 0Q with V* from 5V to 30V; and over the full input common-mode range (OV to V* — 1.5V) for LM2902, V* from 5V to 26V. 


Note 9: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of ms state of the output so 
no loading change exists on the input lines. 


Note 10: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the 
common-mode voltage range is V* — 1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2902), independent of the megniuce of 
VE: 

Note 11: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be 
detected as this type of capacitance increases at higher frequencies. . 

Note 12: Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military specifications. 


Note 13: Human body model, 1.5 kQ in series with 100 pF. 
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LM1458/LM1558 
Dual Operational Amplifier 


General Description 


The LM1458 and the LM1558 are general purpose dual op- 
erational amplifiers. The two amplifiers share a common bias 
network and power supply leads. Otherwise, their operation 
is completely independent. 


The LM1458 is identical to the LM1558 except that the 
LM1458 has its specifications guaranteed over the tempera- 
ture range from 0°C to +70°C instead of —55°C to +125°C. 


Connection Diagrams 


Metal Can Package 
yt 

@) 

OUTPUT A ow 






(7) output B 






oT \ 
INVERTING (6) INVERTING 
INPUT A a od INPUT B 
NON-INVERTING NON-INVERTING 
INPUT A Y) (4) 3) INPUT B 
V- 
DS007886-2 
Top View 


Order Number LM1558H, 
LM1558H/883 or LM1458H 
See NS Package Number H08C 


National Semiconductor 
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SSSLINT/8SP7LINT 





Features 
m No frequency compensation required 
m@ Short-circuit protection 
m™ Wide common-mode and differential voltage ranges 
m Low-power consumption 
m 8-lead can and 8-lead mini DIP 
= No latch up when input common mode range is 
exceeded 
Dual-In-Line Package 
OUTPUT A vt 


INVERTING INPUT A OUTPUT B 


NON-INVERTING 


INPUTA INVERTING INPUT B 


NON-INVERTING 


a INPUT B 





DS007886-3 


Top View 
Order Number LM1558J/883, LM1458M, 
LM1458MX or LM1458N 
See NS Package Number JO8A, MO8A or NO8E 
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~LM1458/LM1558 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Operating Temperature Range | 
LM1558 | ) —55°C to +125°C 
LM1458 0°C to +70°C 


Storage Temperature Range -65°C to +150°C 






Input Bias Current 


Large Signal Voltage Gain Vs = £15V, Vout = £10V 


R, = kQ 
Output Voltage Swing Vg = £15V, R, = 10 kQ 
R, = 2 kQ 


Input Voltage Range Vs = +15V 
Common Mode Rg < 10 kQO 
Rejection Ratio 
Supply Voltage 
Rejection Ratio 


Rg < 10 kQ 


Lead Temperature (Soldering, 10 sec.) 260°C 
(Note 5) ete t 
Soldering Information ; 
Supply Voltage Dual-In-Line Package 
LM1558 +22V Soldering (10 seconds) 260°C 
LM1458 +18V Small Outline Package 
Power Dissipation (Note 2) | Vapor Phase (60 seconds) 215°C 
LM1558H/LM1458H 500 mW Infrared (15-seconds) 220°C 
LM1458N 400 mW See AN-450 “Surface Mounting Methods and Their Effect 
Differential Input Voltage +30V on Product Reliability” for other methods of soldering 
Input Voltage (Note 3) +15V Surface mount devices. | : 
Output Short-Circuit Duration Continuous oe tolerance (Note 6) 300V 
Electrical Characteristics (Note 4) 
[Typ [ Max | Min | Typ | Max 
input OffsstVotlage (| Tas 25O,AestoKa | | to | 60 | | 10 | 60 | mv 
Input Offset Current | 80 | 200 80. 200 nA 
Input Bias Current 200 | 500 | ——+| 200 | 500 nA 
input Resistance [10 | o . | 0s"), fo) 1 wa 
Supply Current Both Ta = 25°C, Vg = +15V 3.0 5.0 3.0 5.6 mA 
sir Goal Nac OE ad 
Large Signal Voltage Gain Ty = 25°C, Vg = +15V 0 160 — 20 160 V/mV 
Vout = £10V, R, 2 2 kQ aie = 
Input Offset Voltage | 60 | mv 
Input Offset Current ee 300 nA 
aa 


UA 


1 +14 +12 +14 V 
mE v 


ai- 


N 


~ | He | a 
Nh} Oy}; M 
ol 
oS 
(oo) 


dB 


dB 


< 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 


functional, but do not guarantee specific performance limits. 


Note 2: The maximum junction temperature of the LM1558 is 150°C, while that of the LM1458 is 100°C. For operating at elevated temperatures, devices in the HO8 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient or 20°C/W, junction to case. For the DIP the device must be derated based 


on a thermal resistance of 187°C/W, junction to ambient. 


Note 3: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 4: These specifications apply for Vs = +15V and —55°C < T, < 125°C, unless otherwise specified. With the LM1458, however, all specifications are limited to 


0°C < Ta < 70°C and Vs = +15V. 


Note 5: Refer to RETS 1558V for LM1558J and LM1558H military specifications. 


Note 6: Human body model, 1.5 kQ in series with 100 pF. 
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Schematic Diagram 





Numbers in parentheses are pin numbers for amplifier B. 
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OUTPUT 


v- 
DS007886-1 
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SSSLINT/8SPLINT 


LM146/LM346 





LM146/LM346 


aie 


General Description 


The LM146 series of quad op amps consists of four indepen- 
dent, high gain, internally compensated, low power, pro- 
grammable amplifiers. Two external resistors (Rge7) allow 
the user to program the gain bandwidth product, slew rate, 
supply current, input bias current, input offset current and in- 
put noise. For example, the user can trade-off supply current 
for bandwidth or optimize noise figure for a given source re- 
sistance. In a similar way, other amplifier characteristics can 
be tailored to the application. Except for the two program- 
ming pins at the end of the package, the LM146 pin-out is 
the same as the LM124 and LM148. 


Connection Diagram 


- Dual-In-Line Package 





DS005654-1 
Top View 
Order Number LM146J, LM146J/883, 
LM346M,LM346MX or LM346N 
See NS Package Number 
J16A, M16A or N16A 


AY national Semiconductor 


Features 

(Iser=10 HA) 

m Programmable electrical characteristics 

m Battery-powered operation 

m= Low supply current: 350 pA/amplifier 

m= Guaranteed gain bandwidth product: 0.8 MHz min 
m Large DC voltage gain: 120 dB 

m Low noise voltage: 28 nV/VHz | 

m Wide power supply range: +1.5V to +22V 

m Class AB output stage—no crossover distortion 

m Ideal pin out for Biquad active filters 

m Input bias currents are temperature compensated 


PROGRAMMING EQUATIONS 

Total Supply Current = 1.4 MA (Ige7/10 pA) 

Gain Bandwidth Product = 1 MHz (Ig¢7/10 pA) 

Slew Rate = 0.4V/us (Ige7/10 yA) 

Input Bias Current = 50 nA (Ige+/10 yA) 

lsey = Current into pin 8, pin 9 (see schematic-diagram) 


vt —v7 — 0.6V 


IseT = 
RSet 


Capacitorless Active Filters (Basic Circuit) 
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Absolute Maximum Ratings (notes 1, 5) 


If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


SVEIN T/90 LIN 





LM146 LM346 
Supply Voltage +22V +18V 
Differential Input Voltage (Note 1) +30V +30V 
CM Input Voltage (Note 1) +15V +15V 
Power Dissipation (Note 2) 900 mW 500 mW 
Output Short-Circuit Duration (Note 3) Continuous Continuous 
Operating Temperature Range -55°C to +125°C 0°C to +70°C 
Maximum Junction Temperature 150°C 100°C 
Storage Temperature Range —65'C to +150°C -—65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 260°C 260°C 
Thermal Resistance (6;,), (Note 2) 
Cavity DIP (J) Pd 900 mW 900 mW 
Bin 100°C/W 100°C/W 
Small Outline (M) 0,4 115°C/W 
Molded DIP (N) Pd 500 mW 
Bin 90°C/W 


Soldering Information 
Dual-In-Line Package 
Soldering (10 seconds) +260°C +260°C 
Small Outline Package 
Vapor Phase (60 seconds +215°C +215°C 
Infrared (15 seconds) +220°C +220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount de- 
vices. 


ESD rating is to be determined. 


DC Electrical Characteristics 
(Vg=+15V, Ioe7=10 YA), (Note 4) 


Parameter Conditions LM146 LM346 Units 


— 


Tin [Typ | Max [Min Typ | Max 
Input Offset Voltage Vom=0V, Re<509,Ta=25°C | =| 05 | 5 | | 05 | 6 | mv 
input Offset Current Vews0V tana | Sit | of dT | t00 | 
Supply Current (4 Op Amps) [Ta-25C———~S*dSC“‘(g! 4 ~4 20 || t@ | 25 | mA 
Large Signal Voltage Gain R,=10 kQ, AVoyr=+10V, 100 | 1000 aos eS VimV 
Ta=25°C 
input CM Range ma | [aws[aia[ [vy 
Power Supply Rejection Ratio | Rg<10 kQ, T,=25°C, 100 74 100 dB 
Mesos ff | oT | | 
Output Voltage Swing R, 210 kQ, T,=25°C +12 +14 ES cl +12 ee V 
Shor-Circu mh 
Gain Bandwidth Product [T2550 ——=S~—r—Ci | | | | ne | |e 
Siew Rate PrceseSCSC~—SC“‘“‘sq OC || Ws 
Channel Separation R, =10 kQ, AVoyr=0V to 120 120 dB 
input Capacitance So CO 
Input Offset Voltage Vom=0V, Rg<50Q | | os [| 6 fl] los | 75 [mv 
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LM146/LM346 


DC Electrical Characteristics (Continued) 
(Vg=+15V, Iget=10 yA), (Note 4) 


Parameter Conditions LM146 E LM346 


input Offet Curren Ea 


Supply Current (4 Op Amps) ee : 


cree Signal Valage Gein | FL=TORAL Waa tov | 60 [ooo [35 | tooo | 
input OM Range SAAC A NC 
CM Rejection Rati a 


Power Supply Rejection Ratio | Rg<50Q, 100 100 
Vs = +5V to +15V 


Output Voltage Swing PReiokQ | et | eta || tte [ ea [| 


DC Electrical Characteristic 
(Vs=+15V, Ige7=10 YA) 


Parameter LM146 LM346 


| Min | Typ | Max _ 

Input Offset Voltage Vom=OV, Rg<50Q, 

: ewe | | | 

Input Bias Current Vom=OV, Taz25°C | | 75 | 20 | 
ae 
| 80 | Ee 


Supply Current (4 Op Amps) Ta=25°C 


Gain Bandwidth Product Ta=25 CG; 


DC Electrical Characteristics 
(Vg=#1.5V, Ioet=10 YA) 


_ Parameter LM146 LM346 


Input CM Range T,=25'C 
CM Rejection Ratio Rs<50Q, Trp=25°C 
Output Voltage Swing R, 210 kQ, T,=25°C > 


Note 1: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 


= 
Input Offset Voltage Vom=OV, Rg<50Q, 0.5 

p07 | 

ee ee ae 

es ae 


Units 


nA 


nA 


mA 


V/mvV 


dB 
dB 


Units 


mV 


nA 
UA 
kHz 


Units | 
mV 
Vv 
dB 

V 


Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjjax, 94, and the ambient temperature, 


Ta. The maximum available power dissipation at any temperature is Pyg=(Tjmax - Ta)/®ja or the 25°C Pgmax, whichever is less. 


Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as. the maximum iancton 


temperature will be exceeded. 
Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 
Note 5: Refer to RETS146X for LM146J military specifications. 
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LM148/LM248/LM348 
Quad 741 Op Amps 
LM149 


National Semiconductor 


Wide Band Decompensated (Ay (win) = 5) 


General Description 


The LM148 series is a true quad 741. It consists of four inde- 
pendent, high gain, internally compensated, low power op- 
erational amplifiers which have been designed to provide 
functional characteristics identical to those of the familiar 
741 operational amplifier. In addition the total supply current 
for all four amplifiers is comparable to the supply current of a 
single 741 type op amp. Other features include input offset 
currents and input bias current which are much less than 
those of a standard 741. Also, excellent isolation between 
amplifiers has been achieved by independently biasing each 
amplifier and using layout techniques which minimize ther- 
mal coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a gain 
of 5 or greater. 


The LM148 can be used anywhere multiple 741 or 1558 type 
amplifiers are being used and in applications where amplifier 
matching or high packing density is required. For lower 


power refer to LF444. 


Schematic Diagram 


Features 
m™ 741 op amp operating characteristics 
m Low supply current drain: 0.6 mA/Amplifier 
m™ Class AB output stage—no crossover distortion 
= Pin compatible with the LM124 
= Low input offset voltage: 1 mV 
= Low input offset current: 4nA 
m@ Low input bias current 30 nA 
@ Gain bandwidth product 
LM148 (unity gain): 1.0 MHz 
LM149 (Ay 2 5): 4 MHz 
m= High degree of isolation between amplifiers: 120 dB 
m™ Overload protection for inputs and outputs 





* 1 pF in the LM149 
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LM148/LM149/LM248/LM348 


Absolute Maximum Ratings (note 4) 


If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Offices 
Distributors for availability and specifications. : 


LM148/LM149 LM248 LM348 
Supply Voltage +22V ; +18V oe +18V 
Differential Input Voltage +44V +36V +36V 
Output Short Circuit Duration (Note 1) Continuous Continuous = Continuous 
Power Dissipation (Py at 25°C) and : 
Thermal Resistance (0,4), (Note 2) 
Molded DIP (N) Py | . er 3 —_— 750, mW 
On —— as | 100°C/W 
Cavity DIP (J) Py . 1100 mW 800 mW . 700 mW 
Oya. | ~—110°C/W 110°C/W 110°C/W 
Maximum Junction Temperature (1 Tgaw) 150°C 110°C | ~ 100°C 
Operating Temperature Range -55°C < Ty, $+125°C -25°C <T, $ +85°C. 0°;C < Ty, < +70°C 
Storage Temperature Range | -65°C to +150°C -65°C to +150°C -65'C to +150°C 
Lead Temperature (Soldering, 10 sec.) Ceramic 300°C 300°C © 7 300°C 
Lead Temperature (Soldering, 10 sec.) Plastic | | 260°C 
Soldering Information | | | 
Dual-In-Line Package | 
Soldering (10 seconds) 260°C | 260°C 260°C 
Small Outline Package | 
‘Vapor Phase (60 seconds) 215°C 215°C 215°C . 
Infrared (15 seconds) | 220°C . 220°C 220°C 
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surlace mount 
devices. 
ESD tolerance (Note 5) 500V. | 500V 500V 


Electrical Characteristics (note 3) 


Parameter LM148/LM149 re Units 
Input Offset Voltage Ta = 25°C, Rg < 10 kQ 


BEE 
3 
< 


Pa fest 4 Peo [4 [so [na 


Input Offset Current - | Pa 25°C 
Input Bias Current Ta = 25°C }100] | 30 |200] | 30 | 200] nA 


Supply Current All Amplifiers | T, = 25°C, Vg = +15V }24{/36| |24])45} [24] 45] 


Vout = £10V, R, > 2 kQ 

Ty = 25°C, f = 1 Hz to 20 kHz 

(Input Referred) See Crosstalk 120 120 120 dB 

Test Circuit 
1.0 1.0 1.0 MHz 
4.0 4.0 4.0 MHz 
60 60 60 degrees 
60 60 60 degrees 
0.5 0.5 0.5 V/us 
2.0 2.0 2.0 V/us 





Large Signal Voltage Gain 






Min | 
a 
a 
|__| 30 | 
Input Resistance ae mae be Oa Bs Ma 
cers 






Amplifier to Amplifier 
Coupling 






Small Signal Bandwidth 












Phase Margin 

Ta =25-C . 

LM149 Series (Ay = 5 

Slew Rate LM148 Series (Ay = 1) | 
Ta = 25°C 





LM149 Series ial = a 


Output Short Circuit Current Ta = 25°C | | 25 | 
Input Offset Voltage Rg < 10 kQ fe ee 
input Offset Current ee ee 


Input Bias Current 


LM148 Series 
mA 


Ta = 25°C 
ed a 


LM149 Series 
nA 


LM148 Series (Ay = 1). 
100 | 
25{ {| |soo} | | 400] na 
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Electrical Characteristics (note 3) (Continued) = 

Go 

Parameter LM148/LM149 LM248 Units | Cc 

aa Typ [Max [Min [Typ [Max [Min [Typ [Max = 

input Offset Voliags T= ResKm | [ro[so| [ro[eof [roleo| m |& 

Large Signal Voltage Gain Vs = HBV, ae +10V, 25 15 15 V/mV = 

Poa PT] TU | 

Output Voltage Swing Vs = +15V, R, = 10 kQ +12 | +1 +12 | +1 +12 [+413 V re 

Input Voltage Range Vs = +15V Se el ae ae V - 
Common-Mode Rejection Rs < 10 kQ 70 70 70 dB 

va pee eee eet 

Supply Voltage Rejection Rs < 10 kQ, +5V < Vo < +15V | 77} 96 | |77{96| [77] 96] | dB 


Note 1: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 


Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dicated by Tjmax, 9ja, and the ambient temperature, T,. 
The maximum available power dissipation at any temperature is Pg = (Tjmax — Ta)/8jq or the 25°C Payax, whichever is less. 


Note 3: These specifications apply for Vg = +15V and over the absolute maximum operating temperature range (Ty < Ta < Ty) unless otherwise noted. 
Note 4: Refer to RETS 148X for LM148 military specifications and refer to RETS 149X for LM149 military specifications. 
Note 5: Human body model, 1.5 kQ in series with 100 pF. 


Cross Talk Test Circuit 


5k 10k 


etn © 






®ouT 
(10V PEAK) 


1/4 LM148/ 


O e’ 
LM149 OUT 





DS007786-6 DS007786-7 


20 











55°C <Ty <+125°C 


: mA 
> 
Qa 
ze, ( 1 | | A 
em 
B= 15 
pee de 
ou 
=o 
7 A 
= 
S10 
>> 
Fe 
” 
=] 
PAA 

5 

10 15 20 
POSITIVE SUPPLY VOLTAGE (V) 
DS007786-43 

Vg = +15V 


Application Hints 


The LM148 series are quad low power 741 op amps. In the 
proliferation of quad op amps, these are the first to offer the 
convenience of familiar, easy to use operating characteris- 
tics of the 741 op amp. In those applications where 741 op 
amps have been employed, the LM148 series op amps can 
be employed directly with no change in circuit performance. 
The LM149 series has the same characteristics as the 
LM148 except it has been decompensated to provide a 
wider bandwidth. As a result the part requires a minimum 
gain of 5. 
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LM158/LM258/LM358/LM2904 


LM158/LM258/LM358/LM2904 


National Semiconductor 


Low Power Dual Operational Amplifiers 


Advantages 


General Description » 


The LM158 series consists of two independent, high gain, in- 
ternally frequency compensated operational amplifiers which 
were designed specifically to operate from a single power 
supply over a wide range of voltages. Operation from split 
power supplies is also possible and the low power supply 
current drain is independent of the magnitude of the power 
supply voltage. 


Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM158 series can be directly oper- 
ated off of the standard +5V power supply voltage which is 
used in digital systems and will easily provide the required 
interface electronics without requiring the additional +15V 
power supplies. 

The LM358 is also available in a chip sized package 
(8-Bump micro SMD) using National’s micro SMD package 
technology. 


Unique Characteristics 

m In the linear mode the input common-mode voltage 
range includes ground and.the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

m The unity gain cross frequency is temperature 
compensated. 

m The input bias current is also temperature compensated. 


Voltage Controlled Oscillator (VCO) 


0.05uF 
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Two internally compensated op amps 

Eliminates need for dual supplies : 

Allows direct sensing near GND and Voyr7 also goes to 
GND 

Compatible with all forms of logic 

Power drain suitable for battery operation 

Pin-out same as LM1558/LM1458 dual op amp 


Features 
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Available in 8-Bump micro SMD chip sized package, 
(See AN-1112) 

Internally frequency compensated for unity gain 
Large dc voltage gain: 100 dB 

Wide bandwidth (unity gain): 1 MHz 

(temperature compensated) 

Wide power supply range: 

— Single supply: 3V to 32V 

— or dual supplies: +1.5V to +16V 

Very low supply current drain (500 pA) — essentially 
independent of supply voltage 

Low input offset voltage: 2 mV 

Input common-mode voltage range includes ground 
Differential input voltage range equal to the power 
supply voltage 

Large output voltage swing: OV to V*- 1.5V 


O OUTPUT 1 


O OUTPUT 2 


DS007787-23 








- 
Absolute Maximum Ratings (note 9) = 
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 2 
Distributors for availability and specifications. = 
LM158/LM258/LM358 LM2904 on 
LM158A/LM258A/LM358A — 
Supply Voltage, V* 32V 26V = 
Differential Input Voltage 32V 26V o 
Input Voltage —0.3V to +32V —0.3V to +26V rm 
Power Dissipation (Note 1) = 
Molded DIP 830 mW 830 mW 8 
Metal Can 550 mW ia 
Small Outline Package (M) 530 mW 530 mW 
micro SMD 435mW 
Output Short-Circuit to GND 
(One Amplifier) (Note 2) 
Vt < 15V and Ty, = 25°C Continuous Continuous 
Input Current (Vi, < —0.3V) (Note 3) 50 mA 50 mA 
Operating Temperature Range 
LM358 0°C to +70°C -40°C to +85°C 
LM258 -25°C to +85°C 
LM158 -55°C to +125°C 
Storage Temperature Range —65'C to +150°C —65°C to +150°C 
Lead Temperature, DIP 
(Soldering, 10 seconds) 260°C 260°C 
Lead Temperature, Metal Can 
(Soldering, 10 seconds) 300°C 300°C 
Soldering Information 
Dual-In-Line Package 
Soldering (10 seconds) 260°C 260°C 
Small Outline Package 
Vapor Phase (60 seconds) 215°C 215°C 
Infrared (15 seconds) 220°C 220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 
surface mount devices. 


ESD Tolerance (Note 10) 250V 250V 


Electrical Characteristics 


V+ = +5.0V, unless otherwise stated 


Parameter Conditions LM158A LM358A LM158/LM258 Units 
Min Typ Max |Min ae Max | Min we Max 


mp ofeet Votage [Wow Sty aeo ta 
Input Bias Current — or — Ta = 25°C, 100 150 nA 
Input Offset Current ling) — linc» Vom = OV, Ta = 25°C ae Se a Se ae a ae nA 
Input Common-Mode V* = 30V, (Note 7) 0 V*-1.5 -1.5 Vt-1.5 V 
Voltage Range (LM2904, V* = 26V), Ty, = 25°C pases 5 
Supply Current Over Full Temperature Range 
R, = © on All Op Amps 
V* = 30V (LM2904 V* = 26V) mA 
Vt = 5V mA 
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LM158/LM258/LM358/LM2904 


Electrical Characteristics 


Vt = +5.0V, unless otherwise stated 


Parameter “Units 
, Cain [tye [Max [win] typ | Max 
Input Offset Voltage (Note |(Note5),Ta=25C | Ty = 25° |(Note5),Ta=25C | a oe! Wee sal ee mV 


Input Bias Current lings) OF lines Ta = 25°C, 45 250 45 250 | nA 
ven 8 eathvah eslectendec! 
input Offset Current [Invay ney Vow=0VTa=250 | | 6 | 80 | | 58 | 60 | mA 
Input Common-Mode V* = 30V, (Note 7) Vt-1.5 V¥-15) V 
Voltage Range (LM2904, V* = 26V), Ta = 25°C Re ne aa 
Supply Current Over Full Temperature Range 
R, = 2 on All Op Amps 
V* = 30V (LM2904 V* = 26V) 
Vt = 5V 






1 2 1 2 mA 
05 | 1.2 05 | 12 mA 






Electrical Characteristics 


Vt = +5.0V, (Note 4), unless otherwise stated 


Parameter LM158A LM358A LM158/LM258 Units 
Min Typ Max/|Min Typ Max |Min Typ Max 


Large Signal Voltage Vt = 15V, T, = 25°C, 
Gain R, 2 2 kQ, (For Vo = 1V 50 25 50 Vin 
to 11V) 
70 





Common-Mode Ty = 25°C, 
Rejection Ratio Vom = OV to V*—1.5V 


Power Supply V* = 5V to 30V 
Rejection Ratio (LM2904, Vt = 5V 65 65 dB 
to 26V), T, = 25°C 
Amplifier-to-Amplifier f = 1 kHz to 20 kHz, T, = 25°C 
ae —120 —120 dB 
Coupling | (Input Referred), (Note 8) 


Output Current | Source | V,\* = 1V, 
Vin’ = OV, 20 mA 
Vi = 15V, 
Vo = 2V, Ta = 25°C 
Sink | Vin7 = 1V, Vin* = OV 
™ 


V+ = 15V, Ta = 25°C, 

Vin” = 1V, ‘ 

Vin* = OV 

eee 12 50 12 50 12 50 uA 
Va C, Vo = 200 mV, 

ey 


Vo = 2V 
= 15V. | 















Input Offset Voltage }(Note5) ssid }(Note5) ssid Pee ; 
Input Offset Voltage Rg = 00 

P | g Ss yv/'C 
Drift 


Input Offset Current ling —Insy — line 


Inout Offset C nt Re = 00 
pu urre S pA/’C 
Drift 


Input Common-Mode Vt = 30 V, aNote 7) é 0 y 
Voltage Range (LM2904, V* = 26V) 
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Electrical Characteristics (Continued) 


V* = +5.0V, (Note 4), unless otherwise stated 


LMise/LM258 | Units 
Parameter Conditions 
Min Typ Max 
Large Signal Voltage Vt = +15V 
Gain (Vo = 1V to 11V) 
R, = 2 kQ 
Output Vr = +80V fa=2Ka [ee if eSSS~=~«*C 
Vottage Se) nooo v= aon [Restaura [er a8 fa? v 
Swing ee es 20 | mv 
Output Current } Source | Vixy* = +1V, an = OV, 
Sink 8 oT) Vin’ = OV, 


Electrical Characteristics 


V* = +5.0V, (Note 4), unless otherwise stated 


LM358 LM2904 Units 
Parameter Conditions - - 
Min Typ Max Min Typ Max 


Large Signal Voltage = 15V, T, = 25°C, 
Gain > 2 kQ, (For Vo = 1V 25 100 25 100 V/mV 
to 11V) 
65 85 50 70 dB 


V/mvV 





V 


VO6CINT/8SEW 1/8SCN 1/8SLNW I 









Common-Mode Ta = 25°C, 
Rejection Ratio Vom = OV to V*-1.5V 


Power Supply V* = 5V to 30V 
Rejection Ratio | (LM2904, V* = 5V 65 100 50 100 dB 


Amplifier-to-Amplifier f=1 KHZ to 20 kHz, Ty = 25°C 
-—120 -120 dB 
Coupling (Input Referred), (Note 8) 


Output Current Source | Viy* = 1V, 
Vin” = OV, 
20 40 20 40 mA 
Vt = 15V, 
Vo = 2V, Ta = 25°C 


Sink Vin” = 1V, Vin’ = OV 















Vt = 15V, T, = 25°C, 10 20 10 20 mA 
Vo = 2V 
Vin” = 1V, 
Vin® = OV 
? 12 50 12 50 UA 
Ta = 25°C, Vo = 200 mV, 
Vt = 15V 
Short Circuit to Ground T, = 25°C, (Note 2), 
40 60 40 60 mA 
Vt = 15V 
Input Offset Voltage (Note 5) 


Input Offset Voltage Rg = 0Q 
Drift 
Input Offset Current lings 7 Lincs 


Ll 
O° 
=: 
< 


NX 
—k 


uVv/°C 


200 


= 
> 


ama, 
oO 
ro) 
aN 
ol 


Input Offset Current Rg = 0Q 
10 10 pAI"C 
Drift 
Input Bias Current 500 40 500 nA 
Input Common-Mode VP =] 30-\, ‘Note 7) 
0 V*-2 0 V* -2 V 
Voltage Range (LM2904, V* = 26V) 
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LM158/LM258/LM358/LM2904 


Electrical Characteristics (Continued) 


Vt = +5.0V, (Note 4), unless otherwise stated 


Parameter Conditions _ Eee LM2904 Units 
Min Typ Max Min Typ Max 










Vt = +15V 





Large Signal Voltage 












Gain (Vo = 1V to 11V) 
Ry = 2 kQ 

Output Vox | Vt = +80V 

Voltage 

Swing 

Output Current Vin’ = +1V, Vinm = OV, a 
Vt = 15V, Vo = 2V 

Vine = +1V, Vint = OV, sais 

Vt = 15V, Vo = 2V 


Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature and a thermal resis- 
tance of 120°C/W for MDIP, 182°C/W for Metal Can, 189°C/W for Small Outline package, and 230°C/W for micro SMD, which applies for the device soldered in a 
printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a +150°C maximum junction temperature. The 
dissipation is the total of both amplifiers — use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the 
integrated circuit. | 


Note 2: Short circuits from the output to V* can cause excessive heating and eventual! destruction. When considering short cirucits to ground, the maximum output 
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power 
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran- 
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 
IC chip. This transistor action can cause the output voltages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration that 
an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value 
greater than -0.3V (at 25°C). , a ee 
Note 4: These specifications are limited to -55°C < T, < +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications are limited to -25°C 
< Ty < +85°C, the LM358/LM358A temperature specifications are limited to 0°C < Ty, < +70°C, and the LM2904 specifications are limited to -40°C < Ta < +85°C. 


Note 5: Vo = 1.4V, Rg = 09 with V* from 5V to 30V; and over the full input common-mode range (OV to V* -1.5V) at 25°C. For LM2904, V* from 5V to 26V. - 


Note 6: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so . 
no loading change exists on the input lines. 


Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the 
common-mode voltage range is V* -1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2904), independent of the magnitude of 
vt, 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be de- 
tected as this type of capacitance increases at higher frequencies. 

Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications. 

Note 10: Human body model, 1.5 kQ in series with 100 pF. 
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National Semiconductor 


LM359 


Dual, High Speed, Programmable, Current Mode (Norton) 


Amplifiers 


General Description 


The LM359 consists of two current differencing (Norton) in- 
put amplifiers. Design emphasis has been placed on obtain- 
ing high frequency performance and providing user program- 
mable amplifier operating characteristics. Each amplifier is 
broadbanded to provide a high gain bandwidth product, fast 
slew rate and stable operation for an inverting closed loop 
gain of 10 or greater. Pins for additional external frequency 
compensation are provided. The amplifiers are designed to 
operate from a single supply and can accommodate input 
common-mode voltages greater than the supply. 


Applications 

General purpose video amplifiers 

High frequency, high Q active filters 

Photo-diode amplifiers 

Wide frequency range waveform generation circuits 
All LM3900 AC applications work to much higher 
frequencies 


Typical Application 


0.5 pF 


PIN 





DS007788-1 
e Ay = 20 dB 
e -3 dB bandwidth = 2.5 Hz to 25 MHz 
¢ Differential phase error < 1° at 3.58 MHz 
¢ Differential gain error < 0.5% at 3.58 MHz 


Features 

m User programmable gain bandwidth product, slew rate, 
input bias current, output stage biasing current and total 
device power dissipation 

@ High gain bandwidth product (Isg¢e7 = 0.5 mA) 
400 MHz for Ay = 10 to 100 
30 MHz for Ay = 1 

m@ High slew rate (Ise, = 0.5 MA) 
60 V/us for Ay = 10 to 100 
30 V/us for Ay = 1 

® Current differencing inputs allow high common-mode 
input voltages 

m Operates from a single 5V to 22V supply 

m= Large inverting amplifier output swing, 2 mV to Voc - 
2V 

m Low spot noise, 6 ny//Hz, forf > 1 kHz 


Connection Diagram 


Dual-In-Line Package 


Vout 8 
COMP B 
COMP A vt 
GNDA GND B 
NC ly (—)B 
lin(-)A lyn (+)B 


lin(tA ISET(IN) 





DS007788-2 


- Top View 
Order Number LM359M or LM359N 
See NS Package Number M14A or N14A 
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6SENT 








LM359 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Input Currents, liy(+) or Iw(-) 

Set Currents, Isetany OF Isetout) 

Operating Temperature Range 
LM359 


10 MApc 
82 MApc 


0°C to +70°C 


Supply Voltage 22 Voc Storage Temperature Range -65'C to +150°C 
| or £11 Voc Lead Temperature — 
Power Dissipation (Note 2) (Soldering, 10 sec.) 260°C 
J Package 4W Soldering Information 
N Package 750 mW Dual-In-Line Package : 
Maximum T, Soldering (10 sec.) 260°C 
J Package +150°C Small Outline Package 
N Package 4125°C Vapor Phase (60 sec.) 215°C 
Thermal Resistance Infrared (15 sec.) 220°C 
J Package See AN-450 “Surface Mounting Methods and Their Effect 


on Product Reliability” for other methods of soldering 
surface mount devices. 


ESD rating to be determined. 


8, 147°C/W still air 
110°C/W with 400 linear feet/min air flow 
N Package 


81, 100°C/W still air 
75°C/W with 400 linear feet/min air flow 


Electrical Characteristics 


ISETUN) = Ilset(ouT) = 0.5 mA, Veapow = 12V, Ta = 25°C unless ' erwise noted 











a [min [Typ | Max 
Open Loop Voltage Vsupply = 12V, R, = 1k, f = 100 Hz 62 72 dB 
Gain Ta = 125°C 68 a dB 
Bandwidth Rin = 1 kQ, Coomp = 10 pF 15 30 MHz 
Gain Bandwidth Product . Rin = 50Q to 200Q 200 400 MHz 
Slew Rate | | 
Unity Gain Rin = 1 kQ, Coomp = 10 pF 30 V/us 
Gain of 10 to 100 Rin < 2002 | a 60 La V/us 
Amplifier to Amplifier f = 100 Hz to 100 kHz, R, = 1k dB 
Mirror Gain at 2 MA |n(+), lsey = 5 HA, Ta = 25°C 0.9 A UA/PA 
(Note 3) at 0.2 MA In (+), Ise, = 5 HA 0.9 0 UA/UA 
~ Over Temp. | 
~ at 20 PA In(+), loer = 5 UA 0.9 YA/UA 
Over Temp. 
AMirror Gain at 20 YA to 0.2 MA In(+) 5 % 
(Note 3) Over Temp, Iser7 = 5 UA i | 
Input Bias Current Inverting Input, T, = 25°C 15 yA 


Inverting Input 


Input Resistance (Bre) kQ 


Output Resistance — a 
Output Voltage Swing R, = 600Q 
Vout High lin(—) and Iy(+) Grounded 9.5 10.3 V 
Vout Low lin(—) = 100 YA, Iiny(+) = 0 50 mV 
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Electrical Characteristics (Continued) 


Isetany = Iset(OouT) = 0. 5 mA, Vsupply = 12V, Ta = 25°C unless otherwise noted 


Output Currents 


| Max | 
Source lin(—) and Iy(+) Grounded, Ry = 100Q 16 40 mA 
Sink (Linear Region) Veomp-0-5V = Vour = 1V, lin(+) = 0 47 mA 
Sink (Overdriven) lin(-) = 100 pA, Iy(+) = 0, £5 3 mA 
Vout Force = 1V | 





Supply Current Non-Inverting le mA 
Grounded, R, = 


Power Supply Rejection f = 120 Hz, |),(+) Grounded 
(Note 4) 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 


dB 


Note 2: See Maximum Power Dissipation graph. 
Note 3: Mirror gain is the current gain of the current mirror which is used as the non-inverting input. (a = in) 
AMirror Gain is the % change in A; for two different mirror currents at any given temperature. lin(+) 


Note 4: See Supply Rejection graphs. 
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6SEINT 


LM392 


National Semiconductor 


LM392 


Low Power Operational Amplifier/Voltage Comparator 


General Description 


The LM392 series consists of 2 independent building block . 


circuits. One is a high gain, internally frequency compen- 
sated operational amplifier, and the other is a precision volt- 
age comparator. Both the operational amplifier and the volt- 
age comparator have been specifically designed to operate 
from a single power supply over a wide range of voltages. 
Both circuits have input stages which will common-mode in- 
put down to ground when operating from a single power sup- 
ply. Operation from split power supplies is also possible and 
the low power supply current is independent of the magni- 
tude of the supply voltage. 


Application areas include transducer amplifier with pulse 
shaper, DC gain block with level detector, VCO, as well as all 
conventional operational amplifier or voltage comparator cir- 
cuits. Both circuits can be operated directly from the stan- 
dard 5 Vpc power supply voltage used in digital systems, 
and the output of the comparator will interface directly with 
either TTL or CMOS logic. In addition, the low power drain 
makes the LM392 extremely useful in the design of portable 
equipment. 


Advantages 


m= Eliminates need for dual power supplies 

m An internally compensated op amp and a precision 
comparator in the same package 

m Allows sensing at or near ground 


Connection Diagram 


m Power drain suitable for battery operation 
m Pin-out is the same as both the LM358 dual op amp and 
the LM393 dual comparator . 


Features 
m™ Wide power supply voltage range 
Single supply: 3V to 32V 
Dual supply: +1.5V.to+16V 
Low supply current drain—essentially independent of 
supply voltage: 600 LA 


Low input biasing current: 50nA 
Low input offset voltage: 2 mV 
Low input offset current: 5 nA 


Input common-mode voltage range includes ground 
Differential input voltage range equal to the power 
supply voltage 


ADDITIONAL OP AMP FEATURES 


m Internally frequency compensated for unity gain 
m™ Large DC voltage gain: 100 dB 

m Wide bandwidth (unity gain): 1 MHz 

m@ Large output voltage swing: OV to V* — 1.5V 


ADDITIONAL COMPARATOR FEATURES 
= Low output saturation voltage: 250 mV at4 mA 
= Output voltage compatible with all types of logic systems 


(Amplifier A = Comparator) 
(Amplifier B = Operational Amplifier) 
Dual-in-Line Package 


OUTPUT A 
(COMPARATOR) 


INVERTING INPUT A 


NON-INVERTING 
INPUT A 


GND 





yr 


QUTPUT B 
(OP AMP) 


INVERTING INPUT B 


NON-INVERTING 
INPUT B 


DS007793-1 


(Top View) 

Order Number LM392M or LM392MX 
See NS Package Number M08A 
Order Number LM392N 
See NS Package Number NO8E 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage, V* 
Differential Input Voltage 
Input Voltage 
Power Dissipation (Note 2) 

Molded DIP (LM392N) 

Small Outline Package (LM392M) 
Output Short-Circuit to Ground (Note 3) 
Input Current (Vi, < -—0.3 Vpc) (Note 4) 


LM392 
32V or t16V 
32V 
-0.3V to +32V 


820 mW 
530 mW 
Continuous 
50 mA 


Operating Temperature Range 
Storage Temperature Range 


Lead Temperature (Soldering, 10 seconds) 


ESD rating to be determined. 
Soldering Information 
Dual-in-Line Package 
Soldering (10 seconds) 
Small Outline Package 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


0°C to +70°C 
—65°C to +150°C 
260°C 


260°C 


215°C 
220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other 
methods of soldering surface mount devices. 


Electrical Characteristics 


(V* = 5 Vpc} specifications apply to both amplifiers unless otherwise stated) (Note 5) 


Parameter 


Input Offset Voltage 
Input Bias Current 


Input Offset Current 

Input Common-Mode Voltage Range 
Supply Current 

Supply Current 

Amplifier-to-Amplifier Coupling 


Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Input Common-Mode Voltage Range 
Differential Input Voltage 


Conditions 


Ta, = 25°C, (Note 6) 

IN(+) or IN(—), T, =25°C, (Note 7) , Von = 
OV 

IN(+) -— IN(-), Ta = 25°C 

V* = 30 Voc, Ta = 25°C, (Note 8) 

R, = ©, Vt=30V 

RL =o, Vt=5V 

f = 1 kHz to 20 kHz, T, = 25°C, Input 
Referred, (Note 9) 

(Note 6) 

IN(+) or IN(-) 

IN(+) — IN(-) 

V* = 30 Vpc, (Note 8) 

Keep All V,\’S2 0 Voc (or V~, if used ) 
(Note 10) 
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Units 
| Max | 
+5 mV 
250 nA 
nA 
v 
mA 
mA 
| | * 
mv 
nA 
150 nA — 


V*-2 V 


www.national.com 


c6EWT 





LM392 


Electrica! Characteristics (continued) 


(Vt = 5 Voc} specifications apply to both amplifiers unless otherwise stated) (Note 5) 


Parameter Conditions | " 20 — Units 
~OP AMP ONLY 
Large Signal Voltage Gain V* = 15 Voc, Vo swing = 1 Voc to 11 Voc, V/mV 





R, = 2 kQ, T, = 25°C 


“Output Voltage Swing A, = 2KO, T, = 25°C To [vats [ov 


Common-Mode Rejection Ratio ae Ty, = 25°C, Vom= 0, Voc to V*-1.5 eye, | dB 


Power Supply Rejection Ratio ae Ta = 25°C | 65 | 100 | | dB 
Output Current Source Vina) = 1 Vpc: Vine) = 9 Voe: | 
ve = 15 Voc: Vo = 2 Voc: Ta = 25°C eo ss mn 
Output Current Sink ViING) = 1 Voc: Vine) = 0 Voc: 10 20 mA 
Vt = 15 Voc; Vo =2Vpc, Ta = 25°C 


Ving) = 1 Voc: Ving) = 0 Voc: 12 50 uA 











vt = 15 Voc: Vo =200 mV, Ta = 25°C 


input Offeet Voltage Dri rRsooSSC~—CSsSYSSC“‘“ CPC 
input Offset Current Dri PRes0oSOS~SS*S td 


COMPARATOR ONLY 


Voltage Gain R215 kQ, Vt = 15 Vo, Ta = 25°C | 50 | 200 | = | Wmv 


Large Signal Response Time Vin = TTL Logic Swing, Varer = 1.4 Voc | 300 ns 





Vat = 5 Vog Ry = 5.1 kQ, Ta = 25°C 


Response Time Vat = 5 Voc: Ry = 5.1 kQ, Ty = 25°C a CE Us 


Output Sink Current Vinc) =] Voc: Vine) = 0 Voc: 16 mA 
Vo =1 5 Voc: Ta = 25°C 


lec <4 MA, Ty = 25°C 


Ving 2 = 1 Voc: Vin) = 0, . 700 mV 
Isink <4 mA 


Output Leakage Current Vine) = 9, Vina) 2 1 Voe: 0.1 nA 





Vo = 5 Voc: Ta = 25°C 


ViINC) = 0, VIN) 2 1 Voce: 1.0 
Mo = 30 Voc 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do.not guarantee specific performance limits. 


Note 2: For operating at temperatures above 25°C, the LM392 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 
122°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The dissipation is the total of both amplifiers — use external 
resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 


‘Note 3: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V*. At values of supply voltage in excess of 15V, con- 
tinuous short circuits can exceed the power dissipation ratings and cause eventual destruction. ; 

Note 4: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran- 
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 
IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V* voltage level (or to ground for a large overdrive) for the time duration 
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was aes again returns to a value 
greater than —0.3V (at 25°C). 

Note 5: These specifications apply for V* = 5V, unless otherwise stated. For the LM392, temperature specifications are limited to 0°C < T, < +70°C. 

Note 6: At output switch point, Vo = 1.4V, Rs = 0Q with V* from 5V to 30V; and over the full input common-mode range (OV to V* — 1.5V). 


Note 7: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so 
no loading change exists on the input lines. 


Note 8: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 
voltage range is V* - 1.5V, but either or both inputs can go to 32V without damage. 

Note 9: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. This typically can be 
detected as this type of capacitive coupling increases at higher frequencies. 

Note 10: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common-mode range, the 
comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The input voltage state must not be less 
than -0.3V (or 0.3V below the magnitude of the negative power supply, if used) on either amplifier. 


Note 11: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 
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LM4250 


National Semiconductor 


Programmable Operational Amplifier 


General Description 


The LM4250 and LM4250C are extremely versatile program- 
mable monolithic operational amplifiers. A single external 
master bias current setting resistor programs the input bias 
current, input offset current, quiescent power consumption, 
slew rate, input noise, and the gain-bandwidth product. The 
device is a truly general purpose operational amplifier. 


The LM4250C is identical to the LM4250 except that the 
LM4250C has its performance guaranteed over a 0°C to 
+70°C temperature range instead of the —55°C to +125°C 
temperature range of the LM4250. 


Connection Diagrams 


Metal Can Package 


QUIESCENT 
CURRENT SET 





INVERTING 
INPUT a Sponreut 


NON=INVERTING 
INPUT 


y" 
DS009300-2 


Top View 


X5 Difference Amplifier 





DS009300-3 


Quiescent Pp = 0.6 mW 


1 


Features 


+1V to +18V power supply operation 
3 NA input offset current 


No frequency compensation required 
Programmable electrical characteristics 
Offset voltage nulling capability 

Can be powered by two flashlight batteries 
Short circuit protection 


Dual-In-Line Package 


Standby power consumption as low as 500 nW 


OFFSET , QUIESCENT 
NULL CURRENT SET 
nN 1° 
ey eae 6 OUTPUT 
ye 5 OFFSET 


NULL 


DS009300-5 


Top View 


500 Nano-Watt X10 Amplifier 


R2 
3.3M 





DS009300-4 
Quiescent Pp = 500 nw 
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LM4250 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


(Note 3) 
| LM4250 _ LM4250C 
Supply Voltage +18V +18V 
Operating Temp. Range -55°C < T, $ +125°C : 0’C <Ta $+70°C 
. Differential Input Voltage +30V . +30V 
Input Voltage (Note 2) +15V | +15V 
Ilser Current feo | 150 nA - 150 nA 
Output Short Circuit Duration Continuous a Continuous 
Tymax | 
H-Package | | 150°C — 100°C 
N-Package | 100°C 
J-Package 150°C 100°C 
M-Package | 100°C 
Power Dissipation at T, = 25°C | 
H-Package (Still Air) 500 mW 300 mW 
(400 LF/Min Air Flow) 1200 mW 1200 mW 
N-Package 500 mW 
J-Package 1000 mW 600 mW 
M-Package- | 350 mW 
Thermal Resistance (Typical) 0, 
H-Package (Still Air) 165°C/W 165°C/W 
(400 LF/Min Air Flow) — | 65°C/W 65°C/W 
N-Package | 130°C/W 
J-Package ee 108°C/W 108°C/W 
M-Package : 190°C/W 
(Typical) 05. 
H-Package 21°C/W 21°C/W 
Storage Temperature Range —65°C to +150°C —65°C to +150°C 
Soldering Information 
Dual-In-Line Package 
Soldering (10 seconds) 260°C 
Small Outline Package 
Vapor Phase (60 seconds) . | 215°C 
Infrared (15 seconds) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering 
surface mount devices. 


ESD tolerance (Note 4) 800V 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 


Note 2: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Refer to RETS4250X for military specifications. 
Note 4: Human body model, 1.5 kQ in series with 100 pF. 


~ 
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Resistor Biasing 


OScriN'1 


Set Current Setting Resistor to V~ 


Iser 
| Vs | O1pA | | 10HA | SHA 











256MQ | 5.04MQ | 2.5 MO 492 kQ 244 kQ 
556MQ | 11.0MQ | 55MQ | 1.09MQ | 544kQ 


1.14 MQ 
1.74 MQ 
2.34 MQ 
2.94 MQ 


23.0 MQ 
35.0 MQ 
47.0 MQ 
59.0 M& 





Electrical Characteristics 
LM4250 (-55°C < T, < +125°C unless otherwise specified.) T, = T, 


Parameter 


Vos 

los 

Ibias 

Large Signal Voltage 
Gain 

Supply Current 
Power Consumption 
Vos 

los 


Ibias 
Input Voltage Range 
Large Signal Voltage Gain 


Output Voltage Swing 


Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Supply Current 


Parameter 


Vos 

los 

Ibias 

Large Signal Voltage 
Gain 

Supply Current 
Power Consumption 
Vos 


los 


Ibias 


input Voltage Range 





Vs = £1.5V 
Conditions Iser = 10 HA 

ae 
Tasoe SS OTSCdYS A | ~*dt 

R, = 100 kQ, T, = 25°C 40k 
Thaa5c SCT SSSCd;C A] «COA 

Ta = 25°C = 
PAsstoom@ SS ]SC*d Cv | «dm 

Ta = +125°C 5 nA 10 nA 
a O71 
sis sev dC 

Vo = #0.5V, Ry = 100 kQ 30k 

RL = 100 kQ +0.6V 
pRestok | 700B | | 0B 
pRsstoka | 76gB || 6B 
a ee ee eee 

Vs = £15V 
cer = TWA 

R. = 100 kQ, Ty = 25°C 100k 
TTa25Cd|SSSC*d SCA] «dC 
Tse OSC «YC 
Preston |v | Sd mV 

Ta = +125°C 25 nA 25 nA 
_—i dC 
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Electrical Characteristics (Continued) 





Parameter 7 Conditions Ilser = 1 WA Ilsey = 10 PA 


Large Signal Voltage . 4 Vo = #10V, R,_ = 100 kQ 50k 
Gain R, = 10 kQ 


Output Voltage Swing | R, = 100: kQ +12V 
: R, = 10 kQ . #12V 


Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Supply Current PC TTSOS™SCSCSCSCSSCS «dC A 
Power Consumption a 


Electrical Characteristics 
LM4250C (0°C < T, < +70°C unless otherwise specified.) T, = T, 








Vs = £1.5V 
Parameter Conditions lser = 10 HA 
[Min [Max | Min | Max 
gS PTa=250 Sd SSSC*SCA«|SS«*dSC 
Large Signal Voltage Gain R, = 100 kQ, T, = 25°C 25k 
ee Vo = #0.6V, Ry = 10 kQ Pt ae | ; 
Supply Current [mac «dT SSSCid?SCi A CdTSSC*dYSC«é A 
Power Consumption PTa=2eoSSSCSdTSSC~‘“‘*‘RSCw ST C* SC 
Vos Reston | SSC*dYC mv | CdSS mV 
eS GOT = 
input Voltage Range C—O tow C«*Ct 
Large Signal Voltage Vo = +0.5V, R, = 100 kQ 25k 
Gain » Ry, = 10 kQ — 25k 
Output Voltage Swing R, = 100 kQ +0.6V 
Gommon Mode Rejection Rato | RsstoKn ———=—=Ssd|_— 70a | SSC*;C OB 
Supply Voltage Rejection Ratio | Rg<toKo ——=s«d|_—7aaB «| SSSSC*d;C GB 
“Supply Current a OT 


Parameter Conditions Iser = 1 HA lser = 10 PA 
| ; | Max 





| Min | Max | Min | 
eo Tape T2580 sm 
mo 5 TT 
Large Signal Voltage | R, = 100 kQ, T, = 25°C 60k 
Gain Vo = #10V, R, = 10 kQ | me | 
Supply Curren eo ae 
Power Consumption Pigs 250 co 
= ee ee 
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Electrical Characteristics (Continued) 


OS2rINT 


Vs a t15V 


Parameter Conditions lser = 1 WA Iser = 10 PA 
| Min | Max | Min | Max 
+13.5V 


Large Signal Voltage Vo = £10V, R, = 100 kQ 50k 
Gain R, = 10 kQ 


Output Voltage Swing R, = 100 kQ +12V 
R, = 10 kQ +12V 





Input Voltage Range 


Common Mode Rejection Ratio Rs $ 10 kQ 70 dB 
Supply Voltage Rejection Ratio Rs < 10 kQ 74 dB 
Supply Current 


Power Consumption sw i 
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LM611 


LM611 | 7 


AY vationat Semiconductor 


Operational Amplifier and Adjustable Reference 


General Description 


The LM611 consists of a single-supply op-amp and a pro- 
grammable voltage reference in one space saving 8-pin 
package. The op-amp out-performs most single-supply 
op-amps by providing higher speed and bandwidth along 
with low supply current. This device was specifically de- 
signed to lower cost and board space requirements in trans- 
ducer, test, measurement and data acquisition systems. 


Combining a stable voltage reference with a wide output 
swing op-amp makes the LM611 ideal for single supply 
transducers, signal conditioning and bridge driving where 
large common-mode signals are common. The voltage refer- 
ence consists of a reliable band-gap design that maintains 
low dynamic output impedance (1 typical), excellent initial 
tolerance (0.6%), and the ability to be programmed from 
1.2V to 6.3V via two external resistors. The voltage refer- 
ence is very stable even when driving large capacitive loads, 
as are commonly encountered in CMOS data acquisition 
systems. 

As a member of National’s Super-Block™ family, the LM611 
is a space-saving monolithic alternative to a multi-chip solu- 
tion, offering a high level of integration without sacrificing 
performance. 


Connection Diagrams 





N/C 

N/C 
ANODE 
FEEDBACK 


CATHODE 





DS009221-2 
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Features 


OP AMP 

m Low operating current: 300 yA (op amp) 

m Wide supply voltage range: 4V to 36V 

m Wide common-mode range: V~ to (Vt-1.8V) 

@ Wide differential input voltage: +36V 

m Available in low cost 8-pin DIP 

m Available in plastic package rated for Military 
Temperature Range Operation 

REFERENCE 

m Adjustable output voltage: 

m Tight initial tolerance available: 

m= Wide operating current range: 

m Reference floats above ground 

m Tolerant of load capacitance 


1.2V to 6.3V 
+0.6% 
17 uA to 20 mA 


Applications 

m Transducer bridge driver 

m™ Process and Mass Flow Control systems 
=m Power supply voltage monitor 

m= Buffered voltage references for A/D’s 
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_ 
s 2 = 
Absolute Maximum Ratings (Note 1) Thermal Resistance, Junction-to-Ambient (Note 3) o> 
If Military/Aerospace specified devices are required, N Package 100°;C/W | = 
please contact the National Semiconductor Sales Office/ M Package 150°C/W 
Distributors for availability and specifications. Soldering Information Soldering (10 seconds) 
Voltage on Any Pins Except Va N Package 260°C 
(referred to V~ pin) 36V (Max) M Package 220°C 
(Note 2) ~0.3V (Min) ESD Tolerance (Note 4) +1 kV 
Current through Any Input Pin and : 
Ve Pin «20m, Operating Temperature Range 
Differential Input Voltage LM611Al, LM6111, LM611BI ~40°C<T,<+85°C 
Military and Industrial +36V LM611AM, LM611M ~55°CST <+125°C 
Commercial +32V LM611C 0°C<T,<70°C 
Storage Temperature Range —65°C<T,<+150°C 
Maximum Junction Temperature 150°C 


Electrical Characteristics 

These specifications apply for V- = GND = OV, V* = 5V, Vow = Vout = 2.5V, Ig = 100 HA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 
Temperature Range. 


LM611M 
LM611AM LM611Bl 


Symbol Parameter Conditions Typical | LM611Al LM6111 Units 
(Note 5) Limits LM611C 
Limits 


Is Total Supply Current Rioap = ©; 210 300 350 A max 
4V < V* < 36V (32V for LM611C) 221 320 370 uA max 





N fo 
oOo Pm 
Nh 
- 
N 
ioe) 





Vs Supply Voltage Range a V min 
‘ 3 V min 

46 36 32 V max 

43 36 32 V max 


OPERATIONAL AMPLIFIER 
Vos1 Vos Over Supply 4V < V* < 36V 15 3.5 5.0 mV max 

(4V < V* < 32V for LM611C) 2.0 mV max 
Vose Vos Over Vom Vom = OV through Vom = 1.0 3.5 5.0 mV max 


), V* = 30V, V- = 0V 
Vos3 Average Vos Drift (Note 6 uC 
AT max 









So CO] = — : 
oO po|= © 


baal 
Is Input Bias Current 25 35 nA max 
los Input Offset Current 4 4 nA max 
| Average Offset Drift 
Rin Input Resistance | Differential =| 800, | | 
eae =<" saemmcune oe eee Coon Mo 
Cin [Input Capacitance | Common-Mode | | 
Input Referred 
Input Referred 
CMRR Common-Mode V* = 30V, OV < Vou < (V* - 1.8V) 95 80 75 dB min 


1-79 www.national.com 
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Electrical Characteristics (continued) oS ez 


These specifications apply for V- = GND = OV, V* = 5V, Vom = Vout = 2.5V, In = 100 pA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T; = 25°C; limits in boldface type apply over the Operating » 
Temperature Range. : . . 






LM611M 



























LM611AM LM611BI — 
Symbol Parameter Conditions Typical | LM611Al LM6111 Units 
(Note 5) Limits _ LM611C 
(Note 6) Limits 































(Note 6) 
OPERATIONAL AMPLIFIER 
PSRR newer pe 4V < Vt < 30V, Vow = V*/2, 110 dB min 
Ay Open HOOP: R, = 10 kQ to GND, V* = 30V, 100 V/mV 
SR Slew Rate = 30V (Note 7) 0.70 0.55 0.50 V/us 
See ee 
GBW Gain Bandwidth C, = 50 pF 0.80 MHz 
isco a SO 
Vor Output Voltage R, = 10 kQ to GND 1.4 = 417 ~1.8 V min 
Voe ube Voltage R, = 10 kQ to Vt ~ + 0.8 ~ + 0.9 ~ + 0.95 V max 
sas Output Source Voor: = 2.5V, Vin = OV, 16 mA min 
Isink Output Sink | Vour = 1 BV, Viin = OV, 13 mA min 
lsHoRT | Short Circuit Current Vout = OV, Vain = 3V, mA max 
Vout = 5V, Vain = 2V, mA max | 
VOLTAGE REFERENCE 
Vr Reference Voltage 1.244 1.2191 ~Vimin 
: : 1.2689 V max 
(+2.0%) 
AT, Drift max 
AVR Hysteresis Hyst = (Vro' — Vro)/AT, (Note 10) , 
Alp with Current 0.1 mV max 
(Note 11) 2.0 mV max 
eee sm /83 UA Q. max 
AVR Va, Change with Varo = vn ~ Vrawro = 6.3V) 2.5 7 mV max 
VrRo High Vio (5.06V between Anode and ee mV max 
. FEEDBACK) 
AVR VR Change with Vas = 5v) — Vacs = sev) 0.1 mV max 
AVt. V* Change (V* = 32V for LM611C) fet mV max 
0.01 mV max 
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Electrical Characteristics (Continued) 


These specifications apply for V- = GND = OV, V* = 5V, Ven = Vout = 2.5V, I, = 100 UA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 
Temperature Range. 







LM611M 
LM611B! 
LM6111 
LM611C 
Limits 
(Note 6) 


LM611AM 
LM611Al 
Limits 

(Note 6) 


















Symbol Parameter Conditions Units 















VOLTAGE REFERENCE 
Va Change with 
Vanope Change 






Vt = V* max, AVa = Va 
(@ Vanope = V- = GND) - Va 
(@ V ANODE = Vt bos 1.0V) 


10 Hz to 10,000 Hz, Vro = Vr 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de- 
vice beyond its rated operating conditions. 








FEEDBACK Bias 
Current 
Va Noise 






Note 2: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V", a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 


Note 3: Junction temperature may be calculated using Ty = Ta + Pp 84a. The given thermal resistance is worst-case for packages in sockets in still air. For packages 
soldered to copper-clad board with dissipation from one op amp or reference output transistor, nominal 6), is 90°C/W for the N package and 135°C/W for the M pack- 
age. 


Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor. 


Note 5: Typical values in standard typeface are for Ty = 25°C; values in boldface type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 


Noite 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 


Note 7: Slew rate is measured with op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output voltage 
transition is sampled at 10V and 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and output voltage transition is sampled at 20V and 10V. 


Note 8: Vp is the cathode-feedback voltage, nominally 1.244V. 


Note 9: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
108*AVA/(Vapos‘cj°AT u), where AVR is the lowest value subtracted from the highest, Vajos°c] is the value at 25°C, and ATy is the temperature range. This parameter 
is guaranteed by design and sample testing. 


Note 10: Hysteresis is the change in V_ caused by a change in Ty, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hystéresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, —40°C, 70°C, 0°C, 25°C. 


Note 11: Low contact resistance is required for accurate measurement. 
Note 12: Military RETS 611AMX electrical test specification is available on request. The LM611AMJ/883 can also be procured as a Standard Military Drawing. 
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LM613 


National Semiconductor 


Dual Operational Amplifiers, Dual Comparators, and 


Adjustable Reference 


General Description 


The LM613 consists of dual op-amps, dual comparators, and 
a programmable voltage reference in a 16-pin package. The 
op-amps out-performs most single-supply op-amps by pro- 
viding higher speed and bandwidth along with low supply 
current. This device was specifically designed to lower cost 
and board space requirements in transducer, test, measure- 
ment, and data acquisition systems. 


Combining a stable voltage reference with wide output swing 
op-amps makes the LM613 ideal for single supply transduc- 
ers, signal conditioning and bridge driving where large 
common-mode-signals are common. The voltage reference 
consists of a reliable band-gap design that maintains low dy- 
namic output impedance (1Q typical), excellent initial toler- 
ance (0.6%), and the ability to be programmed from 1.2V to 
6.3V via two external resistors. The voltage reference is very 
stable even when driving large capacitive loads, as are com- 
monly encountered in CMOS data acquisition systems. 


As a member of National’s Super-Block™ family, the LM613 
is a space-saving monolithic alternative to a multi-chip solu- 
tion, offering a high level of integration without sacrificing 
performance. 


Connection Diagrams 


COMPARATOR 
V+ 
OP AMP 


FEEDBACK 





DS009226-1 
Top View 
E Package Pinout 


-IN Comp 
Comp Out 
(1) 1) 


Comp -IN 
Out Comp 
(4) (4) 


Out Feed 


Cath- Out 
Amp Back ode Amp 
(2) (3) 
DS009226-48 
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Features 


OP AMP 

m Low operating current (Op Amp): 300 HA 

m Wide supply voltage range: 4V to 36V 

m Wide common-mode range: V~ to (V* - 1.8V) 

m Wide differential input voltage: +36V 

m Available in plastic package rated for Military Temp. 
Range Operation 

REFERENCE 

m= Adjustable output voltage: 1.2V to 6.3V 

m Tight initial tolerance available: +0.6% 

m Wide operating current range: 17 yA to 20 mA 

m Tolerant of load capacitance 


Applications 


m Transducer bridge driver 

m Process and mass flow control systems 
m™ Power supply voltage monitor 

= Buffered voltage references for A/D’s 


Ultra Low Noise, 10.00V Reference. 
Total output noise is typically 14 Vans. 





DS009226-43 


*10k must be low 
t.c. trimpot 
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ro 
j ‘ = 
Absolute Maximum Ratings (Note 1) Thermal Resistance, @ 
f Militarv/A fied devi ired Junction-to-Ambient (Note 5) w 
If Military/Aerospace ‘speci ied evices are required, N Package 100°C/W 
please contact the National Semiconductor Sales Office/ WM Package 1450°C/W 
Distributors for availability and specifications. Soldering Information (10 Sec.) 
N Package 260°C 
Voltage on Any Pin Except Vp , 
(referred to Vpin) WM Package 220°C 
(Note 2) 36V (Max) ESD Tolerance (Note 6) +1 kV 
(Note 3) —0.3V (Min) 
Current through Any Input Pin Operating Temperature Range 
& Vp Pin +20 mA 
Differential Input Voltage LM613Al, LM613BI: —40°C to +85°C 
Military and Industrial +36V LM613AM, LM613M: -55°C to +125°C 
Commercial +32V LM613C: 0'C <T, < 470°C 
Storage Temperature Range -65°C < T, < +150°C 
Maximum Junction Temp.(Note 4) 150°C 


Electrical Characteristics 


These specifications apply for V- = GND = OV, V* = 5V, Vow = Vout = 2.5V, I_ = 100 yA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 
Temperature Range. 






































LM613AM LM613M 
Typical | LM613AlI LM613I 
Parameter Conditions (Note 7) Limits LM613C Units 
(Note 8) Limits 
(Note 8) 
Total Supply Current Rioap = *; 450 940 1000 UA (Max) 
Vs Supply Voltage Range V (Min) 


OPERATIONAL AMPLIFIERS 


Vos1 Vos Over Supply 4V < V* < 36V 1.5 3.5 5.0 mvV (Max) 
Voso Vos Over Vom Vom = OV through Voy = mV (Max) 
— (V* -— 1.8V), Vt = 30V, V" = OV mV (Max) 

aT (Max) 
Ip Input Bias Current 10 25 35 nA (Max) 
los Input Offset Current 0.2 4 4 nA (Max) 





lost Average Offset Current 





Rin Input Resistance Differential 1000 
Gn | Input Gapacitance | CommonsMode =i 


e, Voltage Noise f = 100 Hz, Input Referred La ae nV/JHz 
CMRR Common-Mode Vt = 30V, OV < Vom < (V* - 1.8V) 95 80 75 dB (Min) 
Rejection Ratio CMRR = 20 log (AVey/AVos) 90 75 70 dB (Min) 
PSRR Power Supply 4V < V* < 30V, Voy = V*/2, 110 80 75 dB (Min) 
Rejection Ratio PSRR = 20 log (AV*/Vos) 100 75 70 dB (Min) 
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LM613 


Electrical Characteristics (Continued) 


These specifications apply for V- = GND = OV, V* = 5V, Voy = Vout = 2-5V, In = 100 yA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 
Temperature Range. . | ; Meron 







LM613AM LM613M 





















Typical | LM613AI LM6131 - | 
Symbol Parameter Conditions (Note 7) Limits LM613C Units 
(Note 8) Limits 


(Note 8) 
OPERATIONAL AMPLIFIERS 






Ay Open Loop R, = 10 kQ to GND, V* = 30V, 500 100 94 V/mV 
SR Slew Rate V* = 30V (Note 9) 0.70 0.55 | 0.50 V/us 
ee ee 
GBW Gain Bandwidth C, = 50 pF 0.8 ~ MHz 
Vor Output Voltage R, = 10 kQ to GND, VF = 1.4.) VPS 17 Vt — 1.8 V (Min) 
| Swing High : Vt = 36V (32V for LM613C) V (Min) 
Voe Output Voltage R, = 10 kQ to V*, V-+0.8 | V~+0.9 V~ + 0.95 V (Max) 
| Vt = 36V (32V for LM613C) | V- +0.9 | V~+1.0 V- + 1.0 V (Max) 
lout Output Source Current | Voyr = 2.5V, V*in = OV, 25 20 16 mA (Min) 
Vin = -0.3V 15 13 13 mA (Min) 
~ Ioink: Output Sink Current Vout = 1.6V, Viin = OV, 17 14 13 mA (Min) 
lenonte Short Circuit Current Vout = OV, Vii = 38V, 30 50 50 mA (Max) 
Vout = 5V, Viw = 2V, 30 60 70 mA (Max) 


Vin = 3V 32 80 





mA (Max) 
COMPARATORS | 


Vos Offset Voltage AV < Vt < 36V (82V for LM613C), 1.0 3.0 5.0 | mV (Max) 
- R, = 15 kQ a 2.0 6.0 : mV (Max) 


90 
Vos Offset Voltage OV < Vom S 36V 1.0 3.0 5.0 mV (Max) 
Vom | over Vom V* = 36V, (32V for LM613C) 1.5 6.0 7.0 mV (Max) 


oOo © 










Vos Average Offset uv/°C 
i po 
lp Input Bias Current 25 35 nA (Max) 
laa Input Offset Current 4 4 nA (Max) 
Ay Voltage Gain R, = 10 kQ to 36V (32V for 500 _ V/mV 
LM613C) 














Large Signal Vin = 1.4V, Vin = TTL Swing, 1.5 

















Response Time R, = 5.1 kQ 2.0 | US 

Output Sink Current Vin = OV, Vin = 1V, 20 10 10. mA (Min) 
Vout = 0.4V 28 1.0 0.8 mA (Min) 

Output Leakage Vtin = 1V, Vin = OV, 0.1 10 10. UA (Max) — 


VOLTAGE REFERENCE 


| Voltage Reference | (Note 10) | 1.244 1.2365 1.2191" 
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Electrical Characteristics (Continued) 


These specifications apply for V- = GND = OV, V* = 5V, Voy = Vout = 2-5V, I_ = 100 pA, FEEDBACK pin shorted to GND, 


unless otherwise specified. Limits in standard typeface are for T y = 25°C; limits in boldface type apply over the Operating 
Temperature Range. 


LM613AM LM613M 




















Typical | LM613AlI LM6131 
Symbol (Note 7) Limits LM613C Units 
(Note 8) Limits 





™ 


VOLTAGE REFERENCE 


(Note 8) 




















1.2515 1.2689 V (Max) 
AT (Max) 
AVR Hysteresis (Note 12) uv/"C 
A ee Da 
AVR Va Change Vaioo pay — Vaz pa) 0.05 1 1 mV (Max) 
Alp with Current 0.1 1.1 1.1 mV (Max) 
Vaio may ~ Vci00 pa) <) mV (Max) 
(Note 13) 2.0 5.5 5.5 mV (Max) 
AV R(10017 pay/83 PA Q (Max) 
Va Change Varo = vr) — Vrqwro = 6.3V) 2.5 7 7 mV (Max) 
with High Vao (5.06V between Anode and 2.8 10 10 mV (Max) 
FEEDBACK) 
Va Change with Vawv+ = 5v) ~ Vracvs = 36v) 0.1 1.2 1.2 mV (Max) 
Vanope Change (V+ = 32V for LM613C) 1.3 mV (Max) 
Vawv+ = sv) — Vacs = 3v) 1 mV (Max) 
0.01 1.5 1.5 mV (Max) 
FEEDBACK Bias Vanove S Vep < 5.06V 22 35 50 nA (Max) 
Current 29 55 nA (Max) 
Vro = Vr 





Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de- 
vice beyond its rated operating conditions. 


Note 2: Input voltage above V* is allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct output. 
Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V-, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 

Note 4: Simultaneous short-circuit of multiple comparators while using high supply voltages may force junction temperature above maximum, and thus should not 
be continuous. 

Note 5: Junction temperature may be calculated using Ty = Ta + Pp 8ja. The given thermal resistance is worst-case for packages in sockets in still air. For packages 
soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 6), is 90°C/W for the N package, and 135°C/W for the 
WM package. 

Note 6: Human body model, 100 pF discharged through a 1.5 kQ resistor. 

Note 7: Typical values in standard typeface are for Ty = 25°C; values in bold face type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 

Note 8: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 


Note 9: Slew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output 
voltage transition is sampled at 10V and @ 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition is sampled at 20V 
and 10V. 

Note 10: Vp is the Cathode-to-feedback voltage, nominally 1.244V. 

Note 11: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
108*AVp/(Vajas:cj*AT u), Where AVR is the lowest value subtracted from the highest, Vpjo5-c) is the value at 25°C, and ATy is the temperature range. This parameter 
is guaranteed by design and sample testing. 

Note 12: Hysteresis is the change in Vp caused by a change in Ty, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 


Note 13: Low contact resistance is required for accurate measurement. 
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LM613 


Simplified Schematic Diagrams 


Op Amp 










S 
i 


alee 
seek 
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Comparator 
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National Semiconductor 


LM6132 /LM6134 


Dual and Quad Low Power 10 MHz Rail-to-Rail I/O 


Operational Amplifiers 


General Description 


The LM6132/34 provides new levels of speed vs power per- 
formance in applications where low voltage supplies or 
power limitations previously made compromise necessary. 
With only 360 uA/amp supply current, the 10 MHz 
gain-bandwidth of this device supports new portable applica- 
tions where higher power devices unacceptably drain battery 
life. 


The LM6132/34 can be driven by voltages that exceed both 
power supply rails, thus eliminating concerns over exceeding 
the common-mode voltage range. The rail-to-rail output 
swing capability provides the maximum possible dynamic 
range at the output. This is particularly important when oper- 
ating on low supply voltages. The LM6132/34 can also drive 
large capacitive loads without oscillating. 

Operating on supplies from 2.7V to over 24V, the LM6132/34 
is excellent for a very wide range of applications, from bat- 
tery operated systems with large bandwidth requirements to 
high speed instrumentation. 


Connection Diagrams 


8-Pin DIP/SO 


OUT B 


-IN B 


+IN B 





DS012349-1 


Top View 


Ordering Information 










Features 


_—-_ 


For 5V Supply, Typ Unless Noted) 


Rail-to-Rail input CMVR —0.25V to 5.25V 
Rail-to-Rail output swing 0.01V to 4.99V 
High gain-bandwidth, 10 MHz at 20 kHz 
Slew rate 12 V/us 

Low supply current 360 pA/Amp 

Wide supply range 2.7V to over 24V 
CMRR 100 dB 

Gain 100 dB with R, = 10k 

PSRR 82 dB 


Applications 


NSC 
8-Pin Molded DIP LM6132AIN, LM6132BIN | NOSE 


8-Pin Small Outline LM6132AIM, LM6132BIM 
LM6132AIMX, LM6132BIMX MO8A Tape and Reel 


14-Pin Molded DIP LM6134AIN, LM6134BIN N14A | Rails 
14-Pin Small Outline | LM6134AIM, LM6134BIM Mi4A | Rails 
LM6134AIMX, LM6134BIMX 
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Package Temperature Range Transport 
Industrial, -40°C to +85°C Drawing Media 


Battery operated instrumentation 
Instrumentation Amplifiers 
Portable scanners 

Wireless communications 

Flat panel display driver 


14-Pin DIP/SO 
OUT A OUT D 
~-IN A -IN D 
+IN A +IN D 
A vo 
+IN B +IN C 
-IN B -IN C 
OUT B OUT C 





DS012349-2 


Top View 






MO8A 






M14A 


Tape and Reel 
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VELSINT/CE LOIN] 


LM6132/LM6134 


Absolute Maximum Ratings (Note 1) Junction Temperature (Note 4) 450°C 
If Military/Aerospace specified devices are required, : a | ee 

please contact the National Semiconductor Sales Office/ Operating Ratings(note 1) 

Distributors for availability and specifications. Supply Voltage 1.8V <Ve <24V 
ESD Tolerance (Note 2) 2500V Junction Temperature Range - ee 
Differential Input Voltage | | | 15V— LM6132, LM6134 -40°C < T, $ +85°C 
Voltage at Input/Output Pin’ : (V*)+0.3V, (V-)-0.3V. —s Thermal resistance (Oj,) | |g 
Supply Voltage (V*-V") 35V N Package,:8-pin Molded DIP. «© 115°C/W 
Current at Input Pin +10 mA M Package, 8-pin Surface Mount | 193°C/W 
Current at Output Pin (Note 3) +25 mA N Package, 14-pin Molded DIP 81°C/W 
Current at Power Supply Pin = 50 mA M Package, 14-pin Surface Mount = = ~—«*1126°C/W 
Lead Temp. (soldering, 10 sec.) ‘260°C / 

Storage Temperature Range ~ -~65°C to +150°C 


5.0V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V~ = OV, Voy = Vo = V*/2 and R, > 1 MQ to V./2. 
Boldface limits apply at the temperature extremes 


| LM6134Al | LM6134BI 
Symbol Parameter yp MOT Sen | emonsert 
. - Limit Limit 







Units 





Vos Input Offset Voltage : os mV 
| | max 
TCVos Input Offset Voltage Average. Drift yv/C 


ae Input Bias Current OV < Vom < 5V 110 140 180 nA 
; | 300 350 max 

los Input Offset Current 3.4 30 30 nA 
50 50 max 


CMRR Common Mode Rejection Ratio OV < Vom s 4V 100 75 75 
70 70 dB 























PSRR Power.Supply Rejection Ratio +2.5V < Ve < +12V 78 78 dB 

, = 75 75 min 

Vom Input Common-Mode Voltage | 025 | oOo | oOo | Vv 
Range [32 | 80 | 50 

Ay Large Signal Voltage Gain R, = 10k 100 15 V/mV 

o> 2 GP 8 6 min 

Vo Output Swing - 100k Load 4.992 4.98 4.98 V 

0.007 0.017 0.017 V 

10k Load 4.952 4.94 4.94 V 

0.032 | 007 © 0.07 V 

4.923 | 4.90 4.90 V 

0.051 0.095 0.095 V 

2 1 min 


LM6132 ) 
Sinking — - 3.5 $B 3s 1.8 mA 
one tn 1.8 1 min 
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5.0V DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ to V./2. 
Boldface limits apply at the temperature extremes 


LM6134Al | LM6134BI 

Parameter Conditions LM6132A! | LM6132BI 
(Note 5) Limit Limit 
we 6) mete 6) 6) 


VELSINT/ZELOINT 





Output Short Circuit Current Sourcing 
LM6134 1. . 


Sinking 





5.0V AC Electrical Characteristics 


Uniess otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ to V./2. 
Boldface limits apply at the temperature extremes 


LM6134Al | LM6134BI 
LM6132AlI | LM6132BI 
Symbol Parameter Conditions a a Units 
(Note 5) Limit Limit 
(Note 6) 
SR 





Slew Rate +4V @ Veg = +6V V/us 
Gain-Bandwidth Product = 20 kHz MHz 

am | Phase Margin. —=SS«d = tk SSC*«dSC:é‘ CS deg 
Gn | GainMargin SSS = 10K SSSC*SSC*STO CS a8 
Ce, Input Referred Voltage Noise f= 1 kHz nV 
bi a A i 

in Input Referred Current Noise f = 1 kHz pA 
a ‘ 





1-89 www.national.com 


LM614 


| aS are commonly encountered in CMOS data acquisition 


National Semiconductor 





L614 
Quad Operational Amplifier and Adjustable Reference 


General Description Features 


The LM614 consists of four op-amps and a programmable Op Amp. 

voltage reference in a 16-pin package. The op-amp am Low operating current: 300 LA 

out-performs most single-supply op-amps by providing Wide supply voltage range: 4V to 36V 

higher speed and bandwidth along with. low supply current. Wide common-mode range: V~ to (V*— 1.8V) 

This device was specifically designed to lower cost and Wide differential input voltage: -+36V 

board space requirements in transducer, test, measurement : ; ee - 
Available in plastic package rated for Military 


and data acquisition systems. 
- Temperature Range Operation 
Combining a stable voltage reference with four wide output ; 
Reference 


swing op-amps makes the LM614 ideal for single supply : 
transducers, signal conditioning and bridge driving where ™ Adjustable output voltage: 1.2V to 6.3V 

large common-mode-signals are common. The voltage ref- _™@ Tight initial tolerance available: +0.6% 

erence consists of a reliable band-gap design that maintains = Wide operating current range: 17 uAto 20 mA 
low dynamic output impedance (1Q typical), excellent initial m Tolerant of load capacitance 

tolerance (0.6%), and the ability to be programmed from 

1.2V to 6.3V via two external resistors. The voltage refer- Applications 

ence is very stable even when driving large capacitive loads, 


m Transducer bridge driver and signal processing 
systems. _ ™ Process and mass flow control systems 


As a member of National's new Super-Block ™ family, the  '™ Power supply voltage monitor 
LM614 is a space-saving monolithic alternative to a multichip © ™ Buffered voltage references for A/D’s 
solution, offering a high level of miegrnen without sacrificing 

performance. 


Connection Diagram 





DS009326-1 


Ordering Information 
















Reference 
Tolerance & Vos 





NSC 
Drawing 


Temperature Range Package 
Military Industrial Commercial 
~55°C < Ta < +125°C -40°C < Ty < +85°C 0°C < Ty < +70°C 


LM614AMJ/883(Note 13) 







+0.6%@ 
80 ppm/"C max 
V Os < 3.5 mV max 











16-pin Ceramic DIP J16A 
















+2.0%@ LM6714IWM 


LM614IWMX 


LM614CWM 
LM614CWMX 


16-pin Wide 


150 ppm/"C max 
V Os < 5.0 mV 


Surface Mount 
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Absolute Maximum Ratings (Note 1) Maximum Junction Temperature 150°C 

If Military/Aerospace specified devices are required, Thermal Resistance, Junction-to-Ambient (Note 4) 

please contact the National Semiconductor Sales Office/ N Package 100°C 

Distributors for availability and specifications. WM Package 150°C 
(referred to V~ pin) N Package 260°C 
(Note 2) 36V (Max) WM Package 220C 
(Note 3) ~0.3V (Min) ESD Tolerance (Note 5) +1kV 

Current through Any Input Pin & ‘ 
V a Pin soma Operating Temperature Range 

Differential Input Voltage LM614Al, LM6141, LM614BI -40°C < T, < +85°C 
Military and Industrial +36V LM614AM, LM614M ~55°C < Ty < +125°C 
Commercial +32V 


LM614C 


06ST 4706 


Storage Temperature Range -65°C < T, < +150°C 
Electrical Characteristics 


These specifications apply for V- = GND = OV, V* = 5V, Von = Vout = 2-5V, Ig = 100 WA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 


Temperature Range . 










Total Supply 
Current 


Supply Voltage Range 





Typical 
(Note 6) 


LM614AM 
LM614Al 
Limits 
(Note 7) 


LM614M 
LM614BI 
LM6141 
LM614C 
Limits 
(Note 7) 
1000 
1070 










2.8 
3 
32 


















UA max 


OPERATIONAL AMPLIFIER 
V os1 V os Over Supply 4V < Vt < 36V 1.5 3.5 5.0 mV max 
V ose V os Over Vom V om = OV through Voy = 1.0 3.5 5.0 mV max 
Vos3 Average Vos Drift (Note 7) uVv/’C 
eee ee 
lp Input Bias Current 10 25 35 nA max 
los Input Offset Current 0.2 4 nA max 
Average Offset 
ian ==" seeeeageseen ar sees eee MO 
on input Capacitance | Common-Mode Input_——«d|—s7 | S| SSSSC*dSCCO 
CMRR Common-Mode V t+ = 30V, OV < Voy < (V* — 1.8V), 95 80 75 dB min 
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LM614 







Electrical Characteristics (Continued) 


These specifications apply for V- = GND = OV, V* = 5V, Vow = Vout = 2-5V, Ig = 100 yA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for a 25° C; limits in boldface type sa over the: ‘Operating 
Temperature Range . 


Parameter 


(Note 7) 
OPERATIONAL AMPLIFIER eee 
PSRR Power eee 4V<Vi< 30V, Vom = V*/2, 110 75. | dBmin 
Ay Open Loop R, = 10 kQ to GND, V* = 30V, 100 94 V/imV 
SR Slew Rate V * = 30V (Note 8) +0.70 +0, 55 +0.50 | V/us 

fant i 

GBW Gain Bandwidth C, = 50 pF ~ MHz 

V*-1.8 


Vor Output Voltage R, = 10 kQ to GND 


LMe14i 
LM614BI 
LM6141 
LM614C 
Limits 

















LM614AM 
LM614Al 
Limits 

(Note 7) 


Conditions Typical 


(Note 6) 


Swing High Vt = 36V (32V for LM614C) 
V oe Output Voltage R, = 10 kQ to V* 





Swing Low V * = 36V (32V for LM614C) 
V OUT = 2. 5V, Vin = = OV, 


l out Output Source 
V in = 0. 3V 
| SINK Output Sink V OUT = 1. 6V, Vin = OV, 
Current V _in = 0.3V 
| SHORT: Short Circuit Current V OUT = OV, Viin = 3V, 
. V _in = 2V, Source 


V out = 5V, Vain = 2V, 
V in = 3V, Sink 


7 
AVR Average Temperature | (Note 10) : 
AT Drift ee 
AVR Hysteresis (Note 11) 7 
uVv/’C 
ATy | 7 | 
V g Change | V p100 pay ~ Vr(i7 pa) 0.05 mV max 
AVR with Current 0.1 Sanat 
Al Vrcio ma) — Va(i00 pA) 1.5 mV max 
' (Note 12) 2.0 mV max 
R Resistance AV RW1030.1 a9. 9 = Q. max 
AV (100-17 pa)/83 HA Q max | 


AVp V R Change V Rwro = vn — Vrqwro = 6.3V) 2.5 mV max 
Ae with High Vao (5.06V between Anode and 2.8 10 
i FEEDBACK) | 











VOLTAGE REFERENCE 
Voltage, Reference 











mV max 
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Electrical Characteristics (Continued) 


These specifications apply for V~ = GND = OV, Vt = 5V, Ven = Vout = 2.5V, Ia = 100 pA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 
Temperature Range . 


VLOIN| 


















LM614AM Units 


LM614Al 


LM614M 
LM614BI 


Symbol Parameter Conditions 











Limits LM6141 
(Note 7) LM614C 
Limits 







(Note 7) 





VOLTAGE REFERENCE 













V q Change with V aoetos Vienna 0.1 1.2 1.2 mV max 

AVR V* Change (V* = 32V for LM614C) mV max 
AVt Vaw + = 5v) — Va; + = 3v) 0.01 1 1 mV max 

l ep FEEDBACK Bias V ataneS Vco= 5:06V. 22 35 50 nA max 
Current 29 40 55 nA max 

Su Voltage Noise BW = 10 Hz to 10 kHz, ae iV wae 


V Ro = Vr 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de- 
vice beyond its rated operating conditions. 





Note 2: Input voltage above V* is allowed. 


Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V7 , a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 


Note 4: Junction temperature may be calculated using Ty = Ta + P p8ja. The given thermal resistance is worst-case for packages in sockets in still air. For packages 
soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 64 are 90°C/W for the N package, WM package. 


Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor. 


Note 6: Typical values in standard typeface are for Ty = 25°C; values in boldface type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 


Note 7: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 


Note 8: Slew rate is measured with op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output voltage 
transition is sampled at 10V and @20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition is sampled at 20V and 10V. 


Note 9: Vp is the Cathode-feedback voltage, nominally 1.244V. 


Note 10: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
106*AV R/(VRi25°c] ATy), where AV p is the lowest value subtracted from the highest, Vpy25°c) is the value at 25°C, and AT, is the temperature range. This parameter 
is guaranteed by design and sample testing. 


Note 11: Hysteresis is the change in Vp caused by a change in Ty, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, cycle its junction temperature in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 


Note 12: Low contact resistance is required for accurate measurement. 
Note 13: A military RETSLM614AM<xX electrical test specification is available on request. The LM614AMJ/883 can also be procured as a Standard Military Drawing. 
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LM6142 and LM6144 





LM6142 and LM6144 


National Semiconductor 


17 MHz Rail-to-Rail Input-Output Operational Amplifiers 


General Description 


Using patent pending new circuit topologies, the LM6142/44 
provides new levels of performance in applications where 
low voltage supplies or power limitations previously made 
compromise necessary. Operating on supplies of 1.8V to 
over 24V, the LM6142/44 is an excellent choice for battery 
operated systems, portable instrumentation and others. 


The greater than rail-to-rail input voltage range eliminates 
concern over exceeding the common-mode voltage range. 
The rail-to-rail output swing provides the maximum possible 
dynamic range at the output. This is particularly important 
when operating on low supply voltages. 


High gain-bandwidth with 650 yA/Amplifier supply current 
Opens new battery powered applications where previous 
higher power consumption reduced battery life to unaccept- 
able levels. The ability to drive large capacitive loads without 
oscillating functionally removes this common problem. 


Connection Diagrams 


8-Pin CDIP 


OUT B 


- IN B 


+ IN B 





DS012057-14 


Top View 


Features 


At Vs = 5V. Typ unless noted. 
Rail-to-rail input CMVR —0.25V to 5.25V » 
m@ Rail-to-rail output swing 0.005V to 4.995V 
m Wide gain-bandwidth: 17 MHz at 50 kHz (typ) 
= Slew rate: 
Small signal, 5V/us 
Large signal, 30V/us 
m Low supply current 650 pA/Amplifier 
m= Wide supply range 1.8V to 24V 
= CMRR 107 dB 
m@ Gain 108 dB with R, = 10k 
m PSRR 87 dB 


Applications 

Battery operated instrumentation 
Depth sounders/fish finders 

Barcode scanners . 

Wireless communications 

Rail-to-rail in-out instrumentation amps 


8-Pin DIP/SO 





DS012057-1 


Top View 


14-Pin DIP/SO 


OUT B 





DS012057-2 


Top View 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


-65°C to +150°C 
150°C 


Storage Temp. Range 
Junction Temperature (Note 4) 


Operating Ratings (note 1) 


Supply Voltage 1.8V < V+ < 24V 


ESD Tolerance (Note 2) 2500V 
Differential Input Voltage 15V 
Voltage at Input/Output Pin (V+) + 0.3V, (V—-) - 0.3V 
Supply Voltage (V+ -— V-) 35V 
Current at Input Pin +10 mA 
Current at Output Pin (Note 3) +25 mA 
Current at Power Supply Pin 50 mA 
Lead Temperature 

(soldering, 10 sec) 260°C 


5.0V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 5.0V, V- = OV, Voy = Vo = V4/2 and R, > 1 MQ to 
V+/2. Boldface limits apply at the temperature extremes. 








Symbol Parameter Conditions 
Vos Input Offset Voltage og 
TCVos Input Offset Voltage 
Average Drift 
Ip Input Bias Current Loe a el 
OV < Vom s 5V 
los Input Offset Current aa 
Rin Input Resistance, Cy, ee ll 
CMRR Common Mode OV < Vom S$ 4V 
Rejection Ratio 
OV < Vow < 5V 
PSRR Power Supply 5V< Vt < 24V 
Rejection Ratio 
Vom Input Common-Mode 
Voltage Range 
Ay Large Signal R, = 10k 
Voltage Gain 
Vo R, = 100k 
Ry, = 10k 


Output Swing 





1-9 


Junction Temp 
LM6142, LM 


erature Range 
6144 


Thermal Resistance (6,,) 


-40°C < T, < +85°C 


DVLOIN] pue crLOW) 


N Package, 8-Pin Molded DIP 115°C/W 
M Package, 8-Pin Surface Mount 193°C/W 
N Package, 14-Pin Molded DIP 81°C/W 
M Package, 14-Pin Surface Mount 126°C/W 





LM6144AlI LM6144BI 

Typ LM6142Al LM6142BI Units 
(Note 5) Limit Limit 
Ey (Note 6) (Note 6) 

0.3 1.0 2.5 mV 
170 250 300 nA 
180 280 max 

3 30 30 nA 
_ = 80 80 max 
107 84 84 

82 66 66 dB 
64 64 min 

87 80 80 
a v 
Se 
270 100 V/mV 
0.005 0.01 0.01 vo 
4.995 4.98 _ 4,98 V 
par Cd|SSSSC*wdSC min 
0.1 0.1 V 

4.90 4.86 4.86 V 


ol 
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LM6142 and LM6144 


5.0V DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 5.0V, V- = OV, Vom = = “Vo + = NATE and R, > 1 MQ. to 
V+/2. Boldface limits apply at the temperature extremes. | 


LM6144Al | LM6144BI — 

Symbol . Parameter Conditions Typ LM6142Al LM6142BI Units 
(Note 5) Limit Limit 7 
~ (Note 6) 


fees Output Short Sourcing 13 10 8 mA 
Circuit Current | 4.9 4 min 

LM6142 | mA | 
ale ae 

Sinking 24 10 10 mA 
mA. 

Isc Output Short Sourcing mA 
Circuit Current at. 4 min 

| LM6144 mA 
Sinking mA 
mA 


Is Supply Current Per Amplifier UA 
max 


5.0V AC Electrical Characteristics 


Unless Otherwise Specified, All Limits Guaranteed for T, = 25°C, V+ = 5.0V, V- = OV, Vow = Vo = V+/2 and R, > 1 MQ to 
V,/2. Boldface limits apply at the temperature extremes. 


LM6144Al | LM6144BI 
Symbol Parameter Conditions Typ LM6142Al | LM6142BI Units 
| (Note 5) Limit Limit 
Rall Reel (Note 6) _| (Note 6) 
SR Slew Rate 8 Vo.» @ Vec 12V 25 15 18 V/us 
min 

Pe | 
ora, 











10 10 
6 | 6 
re a ae ie Saas ST 


ey Input-Referred f = 1 kHz 16 nV 
in Input-Referred f = 1 kHz pA 
Current Noise oR pp VHz 


T.H.D. | Total Harmonic Distortion f = 10 kHz, R, = 10 kQ, 0.003 | |} | % 
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National Semiconductor 


LM6152/LM6154 ~ 


DSLOINT/CSLOWT 


Dual and Quad 75 MHz GBW Rail-to-Rail I/O Operational 


Amplifiers 


General Description 


Using patented circuit topologies, the LM6152/54 provides 
new levels of speed vs. power performance in applications 
where low voltage supplies or power limitations previously 
made compromise necessary. With only 1.4 mA/amplifier 
supply current, the 75 MHz gain bandwidth of this device 
supports new portable applications where higher power de- 
vices unacceptably drain battery life. The slew rate of the de- 
vices increases with increasing input differential voltage, 
thus allowing the device to handle capacitive loads while 
maintaining large signal amplitude. 


The LM6152/54 can be driven by voltages that exceed both 
power supply rails, thus eliminating concerns about exceed- 
ing the common-mode voltage range. The rail-to-rail output 
swing capability provides the maximum possible dynamic 
range at the output. This is particularly important when oper- 
ating on low supply voltages. 

Operating on supplies from 2.7V to over 24V, the LM6152/54 
is excellent for a very wide range of applications, from bat- 
tery operated systems with large bandwidth requirements to 
high speed instrumentation. 


Connection Diagrams 


8-Pin DIP/SO 


OUT B 


-IN B 


+IN B 





DS012350-3 


Top View 


Features 


At Vg = 5V, Typ unless noted 
= Greater than Rail-to-Rail Inout CMVR -—-0.25V to 5.25V 
m Rail-to-Rail Output Swing 0.01V to 4.99V 
m Wide Gain-Bandwidth: 75 MHz @ 100 kHz 
m Slew Rate: 
Small signal 5V/us 
Large signal 45V/us 
m= Low supply current 1.4mA/amplifier 
m Wide supply range 2.7V to 24V 
m= Fast settling time of 1.1us for 2V step (to 0.01%) 
m™ PSRR 91 dB 
= CMRR 84 dB 


Applications 

m™ Portable high speed instrumentation 

m Signal conditioning amplifier/ADC buffers 
m™ Barcode scanners 


14-Pin DIP/SO 





DS012350-4 


Top View 
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LM6152/LM6154 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are 


please contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications 


ESD Tolerance (Note 2) 
Differential Input Voltage 


Voltage at Input/Output 
Pin 


(V+) + 0.3V, (V-) -0.3V 


Storage Temperature 


~ -65°C to +150°C 


required, Range 
Junction Temperature _ 
(Note 4) 150°C 
2500V re : - 
ant Operating Ratings (Note 1) 


_ Supply Voltage 
Junction Temperature Range 


2.7V < Vs < 24V 


OC <T,<+70°C 


Supply Voltage (V* — V~) 35V LM6152,LM6154 

Current at Input Pin +10mA Thermal Resistance (6j),) - ; 
Current at Output Pin N Pkg, 8-pin Molded Dip 115°C/W 
(Note 3) +25mA M Pkg, 8-pin Surface Mount 193°C/W 
Current at Power Supply N Pkg, 14-pin Molded Dip 81°C/W 
_ | . Pere M Pkg, 14-pin Surface Mount 126°C/W 
Lead Temperature = | 

(soldering, 10 sec) 260°C 


5.0V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V- = OV, Vow = Vo = V*/2 and R, > 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. 


Van Input Offset Voltage 

TCVos Input Offset Voltage Average Drift 

Is Input Bias Current 

los Input Offset Current 

Rin Input Resistance, CM 

CMRR Common Mode Rejection Ratio 
PSRR Power Supply Rejection Ratio 

Vom Input Common-Mode Voltage Range 
Ay Large Signal Voltage Gain 

Vo Output Swing 


Output Short Circuit Current 


Isc 
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OV < Vom < 5V 


OV < Vom < 4V 


R. = 


R, = 100kQ 


OV < Vom < 4V 


10kQ 












LM6154AC 
LM6152AC 
Limit 


LM6154BC | 
LM6152BC 
Limt 


p 
(Note 5) 
lane __(Note 6) 


T 
“oe 2 5 

5 

ri 






y 
5 
50 1500 
0 160 | 
0 
4 
4 
1 


980 


3 
4 . 
emits 
8 
9 





Sinking 
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pV/°C 


5.0V DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V~ = OV, Vow = Vo = V*/2 and R, > 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. 


Typ LM6154AC | LM6154BC 
aut (Note 5) LM6152AC | LM6152BC 
Parameter Conditions Limit Limt 
(Note 6) (Note 6) 
Supply Current Per Amplifier a 2 2 
2.25 2.25 


5.0V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V~ = OV, Vey = Vo = V*/2 and R, > 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. 


Typ LM6154AC | LM6154BC | 
ee (Note 5) LM6152AC | LM6152BC ‘ | 
Symbol Parameter Conditions Limit Limt Units : 
















VSLOINT/cSLOWT 








SR Slew Rate +4V Step @ V, = +6V, 30 V/us 
Rs < 1 kQ min 
GBW Gain-Bandwidth Product f = 100 kHz MHz 


ey Input-Referred Voltage Noise f= 1 kHz a ae nV JHz 
in Input-Referred Current Noise f = 1 kHz a ae pA/Hz 
es 


T.H.D Total Harmonic Distortion f = 10 kHz, R, = 10kQ 0.002 | | 
ts Settling Time 2V Step to 0.01% ae ee eee cae ced Us 


2./V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. 


LM6154AC | LM6154BC 
LM6152AC | LM6152BC 


Symbol Parameter Conditions 


Limit Limt 
(Note 6) (Note 6) 





5 8 max 

TCVos Input Offset Voltage Average Drift Po ft uv/C 
8 
7 


fVEVews27v | 78 | | 
PSRR Power Supply Rejection Ratio pav<vrs5v 0 flo TTB 
Vom Input Common-Mode Voltage Range flow = (asi (itststsé‘é‘idlé(ino28 fll lL] V 

v 
Ay | Large Signal Vottage Gain cc 


Vo Output Swing R, = 10kQ 0.032 0.07 0.07 V 
0.11 0.11 max 


ia | Supply Curent Per Amplifier a 


2) 
= 
D 
se) 
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LM6118/LM6218 


LM6118/LM6218 


| AY vational Semiconductor 


Fast Settling Dual Operational Amplifiers 


General Description 


The LM6118/LM6218 are monolithic  fast-settling 
unity-gain-compensated dual operational amplifiers with +20 
mA output drive capability. The PNP input stage has a typical 
bias current of 200 nA, and the operating supply voltage is 
+5V to +20V. | 

These dual op amps use slew enhancement with special 
mirror circuitry to achieve fast response and high gain with 
low total supply current. 

The amplifiers are built on a junction-isolated VIP™ (Verti- 
cally Integrated PNP) process which produces fast PNP’s 
that complement the standard NPN’s. 


Connection Diagrams and Order 
Information 


Small Outline Package (WM) 


NC 
OUTPUT 
NC 
INPUT(~) 
INPUT(+) 
NC 

yo 





DS010254-3 


Top View 
Order Number LM6218WM, LM6218WMX 
See NS Package Number M14B 


_ Dual-iIn-Line Package (J or N) 





DS010254-4 


Top View 
Order Number LM6118J/883 or LM6218N 
See NS Package Number NO8E, JO8A 
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Features 


m Low offset voltage: 
@ 0.01% settling time: 


m@ Slew rate A, 


=—1: 


m@ Slew rate A, = +1: 

m@ Gain bandwidth: 

@ Total supply current: 

m@ Output drives 50Q load (+1V) 


Applications 
m= D/A converters 
w Fast integrators 


# Active filters 


Typical Applications 


Ri 





DS010254-1 


Single ended input to differentia! output 
Ay = 10, BW = 3.2 MHz 
40 Vpp Response = 1.4 MHz 


Vs = +15V 


1-100 


_ Wide-Band, Fast-Settling 


40 Vpp Amplifier 


Typical | 


0.2mV | 


400 ns.. 
140 V/us 
75 V/us 
17 MHz 
5.5 mA 








= 
: . . = 

Absolute Maximum Ratings (note 1) (C = 100 pF, R = 1.5kQ) | +2kV | @ 

If Military/Aerospace specified devices are required, Junction Temperature 150°C es | 

please contact the National Semiconductor Sales Office/ Storage Temperature Range —65°C to +150°C f= 

Distributors for availability and specifications. Lead Temperature = 

Input Voltage (Note 2) i 

Differential Input Current (Note 3) +10 mA Operating Temp. Range 

Output Current (Note 4) Internally Limited LM6118 ~55°C to +125°C 

Power Dissipation (Note 5) 500 mW LM6218 —40°C to +85°C 


ESD Tolerance 


Electrical Characteristics 


t5V < Vg < +20V, Voy = OV, Vout = OV, lout = OA, unless otherwise specified. Limits with standard type face are for T, = 
25°C, and Bold Face Type are for Temperature Extremes. 














Typ LM6118 LM6218 
Parameter Conditions 25°C Limits Limits Units 

Input Offset Voltage Vg = t15V 0.2 1 mV (max) 
ep 

Input Offset Voltage V- + 3V < Voy, s V+ - 3.5V 0.3 1.5 3:5 | mV (max) 
a 

Input Offset Current V- + 3V < Voy s V+ - 3.5V 20 50 100 nA (max) 
ie 250 200 

Input Bias Current V- + 8V < Voy s V+ - 3.5V 200 350 500 nA (max) 

950 1250 

Input Common Mode V-+ 3V < Voy < V+ - 3.5V 100 90 80 dB (min) 

Rejection Ratio Vs = +20V 85 75 

Positive Power Supply V- = -15V 100 90 80 dB (min) 

Rejection Ratio 85 75 

Negative Power Supply V+ = 15V 100 — 90 80 dB (min) 

Rejection Ratio -20V < V- < -5V 85 75 

Large Signal Vege S1SV. R, = 10k 500 150 100 V/mV (min) 

Voltage Gain Vs = +20V 100 70 

Voge= S10V R, = 500 200 50 40 V/mV (min) 
Vg = +15V (+20 mA) 30 25 

Vo Output Voltage Supply = +20V R, = 10k 17.3 a 7 V (min) 

Swing 

Total Supply Current Vs = £15V mA (max) 


oO 

o1 
“J + 
~] 
: 


Output Current Limit Vs = +15V, Pulsed 65 100 mA (max) 
Slew Rate, Av = -1 Vg = £15V, Vou = £10V 140 100 100 V/us (min) 






Rg = R; = 2k, C,; = 10 pF 50 50 
Vg = £15V, Voy = £10V 75 50 50 V/Us (min) 
Rg = R; = 2k, C; = 10 pF 30 30 





Slew Rate, Av = +1 






Gain-Bandwidth Product 17 MHz (min) 

0.01% Settling Time AVour = 10V, Vg = £15V, a a ae ns 

Ay = -1 Rg = Ry = 2k, C, = 10 pF 

Input Capacitance AO a No IE 
Follower eae eee ee ET 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 


Note 2: input voltage range is (V* - 1V) to (V7). 


Note 3: The inputs are shunted with three series-connected diodes back-to-back for input differential clamping. Therefore differential input voltages greater than 
about 1.8V will cause excessive current to flow unless limited to Jess than 10 mA. 
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LM6118/LM6218 


Electrical Characteristics (Continued) 


Note 4: Current limiting protects the output from a short to ground or any voltage less than the supplies. With a continuous overload, the package dissipavon't) must 
be taken into account and heat sinking provided when necessary. 


Note 5: Devices must be derated using a thermal resistance of 90°C/W for the N and WM packages. 
Note 6: Limits are guaranteed by testing or correlation. 
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SZOINT 


National Semiconductor 








LM675 
Power Operational Amplifier 


General Description 


The LM675 is a monolithic power operational amplifier fea- 
turing wide bandwidth and low input offset voltage, making it 
equally suitable for AC and DC applications. 


The LM675 is capable of delivering output currents in excess 
of 3 amps, operating at supply voltages of up to 60V. The de- 
vice overload protection consists of both internal current lim- | ™ 90 dB ripple rejection 

iting and thermal shutdown. The amplifier is also internally | ™ Plastic power package TO-220 
compensated for gains of 10 or greater. 


1 mV typical offset voltage 

Short circuit protection 

Thermal protection with parole circuit (100% tested) 
16V—60V supply range 

m Wide common mode range 

m Internal output protection diodes 


Applications 
Features m High performance power op amp 
m@ 3A current Capability m Bridge amplifiers 
BH Avo typically 90 dB = Motor speed controls 
@ 5.5 MHz gain bandwidth product m Servo amplifiers 
= 8 V/us slew rate m Instrument systems 
m Wide power bandwidth 70 kHz 
Connection Diagram Typical Applications 
TO-220 Power Package (T) Non-Inverting Amplifier 
+Vec 





DS006739-1 
*The tab is internally connected to pin 3 (-Veg) 
Front View 
Order Number LM675T 
See NS Package T05D 


RL 
40-80 





DS006739-2 


1-103 www.national.com 


LM675 


Absolute Maximum Ratings (Note 1) Storage Temperature -—65°C to +150°C 
If Military/Aerospace specified devices are required, Junction Temperature 7 150°C 
please contact the National Semiconductor Sales Office/ Power Dissipation (Note 2) 30W 
Distributors for availability and specifications. _ .- Lead Temperature 

deri : 
Supply Voltage saeaes ae Ha pec ae . 
Input Voltage —Ver to Voc 9 
Operating Temperature 0°C to +70°C 


Electrical Characteristics 


Vsg=+25V, T,=25°C unless otherwise specified. | 


Parameter “Units 
Supply Current —[PorsowSSSC~d~SC«iTRS=~S«S (ma) | 
input Ofset Voltage mv 
input Bias Current | uA 
input Offset Curren nA 
Open Loop Gain Ry, = 0©Q F 90] 70 (min) dB 
PSAR Pave=28VSSCSC~*dSC«SL SO (min) ~—« SC 
CMRR Vw =a20vSS*d 80 «| 0 (min) ~—«| 
Output Voltage Swing R, = 8Q V 

a 


| Offset Voltage Drift Versus Temperature Rg < 100 kQ uVv/'C 


Offset Voltage Drift Versus Output Power ee nee uV/W 


Output Power THD = 1%, fo = 1 kHz, R, = 8Q WwW 


20 
Gain Bandwidth Product | fo = 20 kHz, Avo. = 1000 | 655 df Mz 


Max Slew Rate V/us 


input Common Mode Range iy 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func- 
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar- 
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is 
given, however, the typical value is a good indication of device performance. 


Note 2: Assumes T, equal to 70°C. For operation at higher tab temperatures, the LM675 must be derated based on a maximum junction temperature of 150°C. 


Typical Applications 


Generating a Split Supply From a Single Supply 
+16V —> +60V 





DS006739-3 
Vg = +8V — +30V 
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National Semiconductor 








LM725 
Operational Amplifier 


General Description Features 


The LM725/LM725A/LM725C are operational amplifiers fea- © ™ High open loop gain 3,000,000 
turing superior performance in applications where low noise, ™ Low input voltage drift 0.6 pV/°C 
low drift, and accurate closed-loop gain are required. With wm» High common mode rejection 120 dB 
high common mode rejection and offset null capability, it is — m Low input noise current 0.15 pA/VHz 
especially suited for low level instrumentation applications Low input offset current 2 nA 
over a wide supply voltage range. = High input voltage range +14V 
The LM725A has tightened electrical performance with Wide power supply range +3V to +22V 
higher input accuracy and like the LM725, is guaranteed = Offset null capability 
over a —55°C to +125°C temperature range. The LM725C ae 
has slightly relaxed specifications and has its performance = Output short circuit protection 
guaranteed over a 0°C to 70°C temperature range. 
Connection Diagram Typical Applications 

Metal Can Package Thermocouple Amplifier 


OFFSET C1 
500 pF 






: 
Cy) 
SENSOR 


NPUT OUTPUT 
THERMOCOUPLE 
vee ) COMP 
INPUT 
=e 










TOP VIEW 


5110 


OUT 
(NOTE) 


DS010474-1 


Order Number LM725H/883, LM725CH or LM725AH/883 













See NS Package Number HO8C REFERENCE 100 pF 
THERMOCOUPLE 
Dual-In-Line Package &G 
511k 5100 
ay, (NOTE) 
OFFSET NULL 4 1 8 F— OFFSET NULL = =— 
INVERTING INPUT —4 2 7--vt vet 
NON=INVERTING INPUT —4 3 6 F— OUTPUT 
Vo —14 5 F— COMP 


DS010474-2 


Order Number LM725CN 
See NS Package Number NO8E 
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LM725 


Absolute Maximum Ratings (note 1) 


Lead Temperature 


If Military/Aerospace specified devices are required, (Soldering, 10 Sec.) ~ 260°C 
please contact the National Semiconductor Sales Office/ Maximum Junction Temperature 150°C 
Distributors for availability and specifications. Operating Temperature Range Tsisind ae 
Supply Voltage +22V LM725 -55°C to +125°C 
Internal Power Dissipation (Note 2) 500 mW LM725A 55°C to +4+125°C 
Differential Input Voltage +5V LM725C s OC to 470°C 

. Input Voltage (Note 3) +22V 


Storage Temperature eae -65°C to +150°C 


Electrical Characteristics (Note 4): 


Parameter . Conditions LM725A LM725 ~ LM725C Units 
Typ Max ae Max | Min Typ . Max 


100 


Input Offset Voltage 
(Without External Trim) 


T, = 25, 
| Rg < 10 kQ 








input Offset Current nA 
input Bias Current 0 [8 100] 2 tas nA 
Input Noise Voltage 
oe | 15 nV/VHz 
f = 100 Hz 9.0 nV/VHz 
| fy = 1 kHz 8.0 nV/VHz 
Input Noise Current | 
fp = 10 Hz 1.0 1.0 1.0 pA/VHz 
f, = 100 Hz 0.3 0.3 0.3 pA/VHz 
= 1 kHz 0.15 0.15 0.15 pA/VHz 
input Resistance Ma 
input Vottage Range V 
Large Signal Voltage | 
Gain VimV 





1000 3000 1000 _ 3000 3000 





Common-Mode Ta = 25°C, dB 
Power Supply Ta = 25°C, 2.0 5.0 20 10] 2.0 35 uV/V 
Output Voltage Swing Ty = 25°C, | 
R, 2 10 kQ +12 +13.5 V 
aoe #12.0 +13. +13. +10 +13.5 V 
Power Consumption |Ta=250 | ——80 105/810 150 | mW 
Input Offset Voltage oe | < 10 kQ 0.7 1.5 Cll 5 mV 
Average Input Offset iain = 50Q 
Voltage Drift yv/C 
(Without External Trim) 
. Average Input Offset Rg = 50Q | 
Voltage Drift 0.6 1.0 uV/’C 
(With External Trim) 


Input Offset Current Ta = Tmax 1.2 1.2 nA 
Ta = Twin 18.0 7.5 4.0 nA 
ot — i Pr 
Ta = Tyax 20 70 20 100 125 nA 
Ta = TIN 80 180 80 200 250 nA 
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Average Input Offset 
Current Drift 
Input Bias Current 
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Electrical Characteristics (Note 4) (Continued) 


Parameter Conditions LM725A LM725 LM725C Units 
Min Typ Max Min Typ Max Min Typ Max 
Large Signal Voltage R, 22 kQ 


Gain T= Tas 1,000,000 1,000,000 125,000 VV 


R, >2 ka 


Ta = Twin 500,000 250,000 125,000 VV 


Common-Mode Rs < 10 kQ 110 100 115 dB 
Power Supply Rs < 10 kO 20 20 V/V 


Output Votage Swing | RL = 2 Ka ae v 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 





Note 2: Derate at 150°C/W for operation at ambient temperatures above 75°C. 

Note 3: For supply voltages less than +22V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for Vs = +15V unless otherwise specified. 

Note 5: For Military electrical specifications RETS725AX are available for LM725AH and RETS725xX are available for LM725H. 


Schematic Diagram 
















yt 
R7 R10 R11 
100 300 100 
Q10 
RIA 100k R1B q Q13 
A2k EXTERNAL A2k A | a Q21 
5 Q8 5 FREQ 
INVERTING 
INPUT 
v 
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LM7301__ 


VW National Semiconductor 


Low Power, 4 MHz GBW, Rail-to-Rail Input-Output 
Operational Amplifier in TinyPak™ Package 


General Description — 


The LM7301 provides high performance in a wide range of 
applications. The LM7301 offers greater than rail-to-rail input 
range, full rail-to-rail output swing, large capacitive load driv- 
ing ability and low distortion, 

With only 0.6 mA supply current, the 4 MHz gain-bandwidth 
of this device supports new portable applications where 
higher power devices unacceptably drain battery life. 

The LM7301 can be driven by voltages that exceed both 
power supply rails, thus eliminating concerns over exceeding 
the common-mode voltage range. The rail-to-rail output 
swing capability provides the maximum possible dynamic 
range at the output. This is particularly important when oper- 
ating on low supply voltages. 

Operating on supplies of 1.8V-—32V, the LM7301 is excellent 
for a very wide range of applications in low power systems. 


Placing the amplifier right at the signal source reduces board 


size and simplifies signal routing. The LM7301 fits easily on 


low profile PCMCIA cards. 


Connection Diagrams 


8-Pin SO-8 - 


NC 


INVERTING INPUT 


NON-INVERTING 
INPUT 


V 


NC 
yt 
OUTPUT 
NC 





DS012842-1 


Top View | 


| Gain and Phase 
140 | 140 


120 120 


fo) 
io) 





100 





80 
60 





40 


OPEN LOOP GAIN (dB) 
PHASE MARGIN (°) 


20 
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Features 


at Vs = 5V (Typ unless otherwise noted) 

m Tiny SOT23-5 package saves space 

m Greater than Rail-to-Rail Input CMVR —-0.25V to 5.25V 
= Rail-to-Rail Output Swing 0.07V to 4.93V 

Wide Gain-Bandwidth 4 MHz 

Low Supply Current 0.60 mA 

Wide Supply Range 1.8V to 32V 

High PSRR_ 104 dB 

High CMRR 93 dB 

Excellent Gain 97 dB 


Applications 

m= Portable instrumentation 

= Signal conditioning amplifiers/ADC buffers 
= Active filters 

m= Modems 

m PCMCIA cards 






5-Pin SOT23 
OUTPUT vt 
NON-INVERTING _° 4 INVERTING 
INPUT INPUT 


DS012842-2 


Top View 


Gain and Phase, 
2.7V Supply 














n 
oO 
PHASE MARGIN (°) 








OPEN LOOP GAIN (dB) 

















-20 
1 10 100 1k 10k 100k 1M 10M 


FREQUENCY (Hz) 
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| ae 
; 5 = 
Absolute Maximum Ratings (Note 1) Lead Temperature oy 
If Military/Aerospace specified devices are required, (Soldering, 10 sec.) 260°C | 
please contact the National Semiconductor Sales Office/ Storage Temperature Range ~65°C to +150°C 
Distributors for availability and specifications. Junction Temperature (Note 4) 150°C 
ESD Tolerance (Note 2) 2500V 





sy Operating Ratings (note 1) 


_h 


Differential Input Voltage 


Voltage at Input/Output Pin (Vt) + 0.3V, (V7) -0.3V Supply Voltage 1.8V < Vg < 32V 
Supply Voltage (V* — V>) 35V Junction Temperature Range -~40°C < T, < +85°C 
Current at Input Pin +10 mA Thermal Resistance (6,,) 

Current at Output Pin (Note 3) +20 mA M5 Package, 5-Pin SOT23 325°C/W 
Current at Power Supply Pin 25 mA M Package, 


8-Pin Surface Mount 165°C/W 







5.0V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V~ = OV, Von = Vo = V*/2 and R, > 1 MQ to 
V*/2. Boldface limits apply at the temperature extremes 








Typ LM7301 
( 
Vos Input Offset Voltage 0.03 mV 
TOVos | Input Offset Voltage Average Dit «| ——SSSSC~—‘~“SC‘ SS*dYSSCSC*~C‘*‘dCéiaC 
Ip Input Bias Current Vom = OV 200 nA 
Vom = 5V | ~40 -75 nA 
los Input Offset Current Vom = OV 70 nA 
80 max 
Vom = 5V 0.7 55 
"es 
CMRR Common Mode Rejection Ratio OV < Vom < 5V dB 
min 





Co © 
=> N 


—0.1 


Oo 
a xn 
“NO 


PSRR Power Supply Rejection Ratio 2.2V < Vi < 30V 104 

Vom Input Common-Mode Voltage Range CMRR 2 65 dB 

Ay Large Signal Voltage Gain R, = 10 kQ 
Vo = 4.0Vpp 


Vo Output Swing R,_ = 10 kQ 
Ri. => 2 kQ 


Isc Output Short Circuit Current Sourcing 


10 | 
0.07 0.12 V 
4.93 4.88 V 
0.14 0.20 V 
4 4.80 


3 3 5 
me) > = 


87 
11.0 


Sinking 


<|z 
x< 





Sad 
or 
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5.0V DC Electrical Characteristics (Continue) | 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V* = 5.0V, V- = OV, Vom = Vo = V*/2 and R, > 1 MQ to 


V*/2. Boldface limits apply at the temperature extremes 
“ Typ 
(Note 5) 













LM7301 
Limit 
(Note 6) 


Conditions 


AC Electrical Characteristics 
Ty = 25°C, V* = 2.2V to 30V, V- = OV, Voy = Vo = V*/2 and R, > 1 MQ to V*/2 


Symbol Parameter Conditions | Typ Units 
(Note 5) , 


SR Slew Rate | +4V Step @ Vg +6V V/us 
GBW Gain-Bandwidth Product f = 100 kHz, R, = 10 kQ MHz 


en Input-Referred Voltage Noise f = 1 kHz 36 nV 
Hz 


T.H.D. Total Harmonic Distortion f = 10 kHz 0.006 % 


2.2V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.2V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ to 
V*/2. Boldface limits apply at the temperature extremes 







Parameter Units 








| Typ LM7301 
Symbol Parameter Conditions (Note 5) Limit Units 
Vos Input Offset Voltage 0.04 mV 
TOVos | Input Ofset Votage Average Dt ———Ssd| SSSSSCSC~iSCSC“‘RSSSCdT~CL Cr 
lp Input Bias Current 200 nA 
BB -75 nA 
los | Input Offset Current i a oe nA 
s0 max 
0.4 55 
|e 
min 
PSRR Power Supply Rejection Ratio 2.2V < Vt < 30V 104 87 
1D ie el ae a 
Vom Input Common-Mode Voltage Range CMRR > 60 dB a a ry “Vv 
naaiaicncehinceel Mega se ecr eeeenee on 
Ay Large Signal Voltage Gain R, = 10 kQ 46 6.5 VimV. 
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2.2V DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.2V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ to 
V*/2. Boldface limits apply at the temperature extremes 


Typ LM7301 
Symbol Parameter Conditions (Note 5) Limit Units 
(Note 6) 


Vo Output Swing 0.05 0.08 V 
0.10 max 
Isc 








2.15 2.10 V 
0.09 0.13 V 
0.14 max 






2.10 2.07 V 

i i 2.00 min 

Output Short Circuit Current Sourcing 10.9 mA 

Sinking 7.7 mA 

Is Supply Current 0.57 0.97 mA 


30V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 30V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes 











Typ LM7301 
Symbol Parameter Conditions (Note 5) Limit Units 
Vos Input Offset Voltage 0.04 mV 
TOVos | Input Offset Votage Average Dit «| SSSC~=“‘~;‘~*~irTSC‘“‘ TCdTSCdC 
lp Input Bias Current Vom = OV 103 300 nA 
Vom = 30V —50 —100 nA 
los Input Offset Current Vom = OV 1.2 90 nA 
Vom = 30V 0.5 65 nA 
CMRR Common Mode Rejection Ratio dB 
78 min 
OV < Vom S$ 27V 115 90 | 
a a 
PSRR Power Supply Rejection Ratio 2.2V <V* < 30V 104 87 
Tom seernmsnnee ere 
Vom Input Common-Mode Voltage Range CMRR > 80 dB ae V 
(acaaiaaeiccAchcin Seiad eee mms 5. 
Ay Large Signal Voltage Gain R, = 10 kQ 105 30 V/mV 
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30V DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 30V, VU = ov, Vom = Vo = V*/2 and R, > 4 MQ to ye 


Boldface limits apply at the temperature extremes 
Typ LM7301 







Symbol Parameter: (Note 5) Limit 
(Note 6) 
Vo Output Swing 0.16 
29.8 29.75 


28.65 


Isc - ‘| Output Short Circuit Current Sourcing 11.7 8.8 
(Note 4) 6.5 





Sinking 8.2 
Is Supply Current 1.30 
$e 





Units 


V max 


V min 


mA 
min 
mA 
min 
mA 
max 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 


maximum allowed junction temperature of 150°C. 


Note 4: The maximum power dissipation is a function of T ymax), 89ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 


— T,)/Oja. All numbers apply for packages soldered directly into a PC board. 
Note 5: Typical Values represent the most likely parametric norm. 
Note 6: All limits are guaranteed by testing or statistical analysis. 
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LM741 
Operational Amplifier 


General Description 


The LM741 series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. They are direct, plug-in replacements 
for the 709C, LM201, MC1439 and 748 in most applications. 


The amplifiers offer many features which make their applica- 
tion nearly foolproof: overload protection on the input and 
output, no latch-up when the common mode range is ex- 
ceeded, as well as freedom from oscillations. 


Connection Diagrams 


Metal Can Package 


NC 
8) 
OFFSET NULL ls 
INVERTING INPUT(2) 


+ 





V 
(6) 
NON-=INVERTING INPUT (3) 


DS009341-2 
Note 1: LM741H is available per JM38510/10101 
Order Number LM741H, LM741H/883 (Note 1), 
LM741AH/883 or LM741CH 
See NS Package Number H08C 


Typical Application 


National Semiconductor 


The LM741C is identical to the LM741/LM741A except that 
the LM741C has their performance guaranteed over a 0°C to 
+70°C temperature range, instead of -55°C to +125°C. 


Dual-in-Line or S.O. Package 

OFFSET NULL 
INVERTING INPUT 
NON=INVERTING 


INPUT 


\~ 





DS009341-3 


Order Number LM741J, LM741J/883, LM741CN 
See NS Package Number JO8A, MO8A or NO8E 


Ceramic Flatpak 


LM741W 


—-OFFSET NULL 
DS009341-6 





Order Number LM741W/883 
See NS Package Number W10A 


Offset Nulling Circuit 


t 
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Absolute Maximum Ratings (note 2) 


if Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 


(Note 7) 
LM741A LM741 
Supply Voltage +22V +22V 
Power Dissipation (Note 3) 500 mw 500 mW 
Differential Input Voltage +30V +30V 
Input Voltage (Note 4) +15V +15V 
Output Short Circuit Duration Continuous Continuous - 
Operating Temperature Range —55°C to +125°C —55°C to +125°C 
Storage Temperature Range ~65°C to +150°C -65°C to +150°C 
Junction Temperature 150°C 150°C 
Soldering Information | 
N-Package (10 seconds) 260°C 260°C 
J- or H-Package (10 seconds) 300°C 300°C 
M-Package 
Vapor Phase (60 seconds) 215°C 215°C 
Infrared (15 seconds) 215°C 215°C 


LM741C_ 
+18V . 
500 mW 
+30V 
—+15V 
Continuous 
0°C to +70°C 
-65°C to +150°C 
100°C 


260°C 
300°C 


215°C 
215°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 


surface mount devices. 


ESD Tolerance (Note 8) 400V 400V 400V 
Electrical Characteristics (note 5) 
Parameter LM741A LM741 LM741C Units 


Input Offset Voltage 


Average Input Offset 
Voltage Drift — 

Input Offset Voltage 
Adjustment Range ~ 


_ Input Offset Current 


Average Input Offset 


Current Drift 
Input Bias Current 


Input Resistance 


Input Voltage Range 
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Ta = 25°C 


Rs < 10 kQ 


3 
< 





Rs < 50Q 
Tamin < Ta S Tamax 
Rg < 500 

Re < 10 kQ 






No “I 
3.3 
<< 


ro) oO 
ro) 

Cc 

> 


<i< 


Ta = 25°C 
TA = 25°C, Vs = +20V 


nm a 
o1 


Sa 
e*) 
= 
ro) 


Tamin S Ta S$ Tamax: MQ 
Vs _ +20V 
T4225 


a 


Tamin © Ta S Tamax 
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Electrical Characteristics (Note 5) (Continued) 


Parameter 


Large Signal Voltage Gain 


Output Voltage Swing 


Output Short Circuit 
Current 
Common-Mode 
Rejection Ratio 


Supply Voltage Rejection 
Ratio 


Transient Response 
Rise Time 
Overshoot 

Bandwidth (Note 6) 

Slew Rate 

Supply Current 

Power Consumption 


LM741A 


LM741 





Conditions 


Patin~[Typ [wax | win [ Typ [Max | win [ Typ [ Max 


50 V/mV 
50 | 200 20 | 200 V/mV 


32 V/mV 
25 15 V/mV 
10 V/mV 
+16 V 
+15 
+12 | +14 +12 
+10 | +13 +10 | +13 





Ta = 25°C, Ry 2 2 kQ 
Vs = #20V, Vo = +15V 
Vg = t15V, Vo = +10V 
Tamin S Ta S 
R, 2 2 kQ, 
Vg = £20V, Vo = +15V 
Vg = +15V, Vo = +10V 
Vg = t5V, Vo = £2V 
Vs = £20V 

R, 2 10 kQ 

R, 2 2 kQ 

Vg = £15V 

R, 2 10 kQ 















Tamax: 

























R, >2kQ 
Ta = 25°C 10 25 35 25 25 mA 
Taos Teas SPEC ECEECE i 
Tamin © Ta S Tamax 
Rs < 10 kQ, Vey = £12V 70 70 dB 
Rg < 50Q, Voy = +12V 95 dB 
Tamin S Ta S Tamax 
Vg = £20V to Vg = +5V | 
Re < 500 dB 
Rg < 10 ka dB 
T, = 25°C, Unity Gain 
0.25 0.8 Us 
6.0 % 


a eA Rea ee ees Ba 2 Vins 
ST CE 2.8 | mA 


15 
50 85 50 85 


0 mw 
mw 

Vs = +20V 
ve TT dsl TEL Ls 
Ta = Tamax 135 mw 
60 | 100 mW 
it | fetsl || ls 





Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 
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LM741 


Electrical Characteristics (Note 5) (Continued). 


Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum Rat- 


: ings’). Tj = Ta + (8ja Pp). 


Thermal Resistance Cerdip (J) DIP (N) | HO8(H) | SO-8 (M) 
oo Junction to Case) ascw | NA | 











Note 4: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 5: Unless otherwise specified, these specifications apply for Vg = +15V, -55°C < Ty < +125°C (LM741/LM741A). For the LM741C/LM741E, these specifica- 
tions are limited to 0°C < Ta < +70°C. 


Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us). 
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A. 
Note 8: Human body model, 1.5 kQ in series with 100 pF. 


Schematic Diagram 


Q14 


NON=INVERTING 
INPUT 


Q20 


OFFSET NULL 


\~ 
DS009341-1 
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LM8261 Single 


National Semiconductor 


RRIO, High Output Current & Unlimited Cap Load Op 


Amp in SOT23-5 


General Description 


The LM8261 is a Rail-to-Rail input and output Op Amp which 
can operate with a wide supply voltage range. This device 
has high output current drive, greater than Rail-to-Rail input 
common mode voltage range, unlimited capacitive load drive 
capability, and provides tested and guaranteed high speed 
and slew rate while requiring only 0.97mA supply current. It 
is specifically designed to handle the requirements of flat 
panel TFT panel Vcow driver applications as well as being 
suitable for other low power, and medium speed applications 
which require ease of use and enhanced performance over 
existing devices. 


Greater than Rail-to-Rail input common mode voltage range 
with 50dB of Common Mode Rejection, allows high side and 
low side sensing, among many applications, without having 
any concerns over exceeding the range and no compromise 
in accuracy. Exceptionally wide operating supply voltage 
range of 2.5V to 30V alleviates any concerns over function- 
ality under extreme conditions and offers flexibility of use in 
multitude of applications. In addition, most device param- 
eters are insensitive to power supply variations; this design 
enhancement is yet another step in simplifying its usage. 
The output stage has low distortion (0.05% THD+N) and can 
supply a respectable amount of current (15mA) with minimal 
headroom from either rail (300mvV). 


Output Response with Heavy Capacitive Load 


PTT TE vious Py 
Bae se oe eee 

ELT yt 
500 mV/div Be mae: rralecleie 


oN Soc 
Sole Vee) Sats 


cs nad JETT [inoue | 
Input 
amt sal imal! 
0 


5 ps/div 
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Ordering Information 





Package 





LM8261M5 
LM8261M5X 


5-Pin SOT-23 


1-117 


Ordering Info Pkg Marking Supplied As 


A45A 





The LM8261 is offered in the space saving SOT23-5 pack- 
age. 


Features 
(Vs = 5V, Ty = 25°C, Typical values unless specified). 






= GBWP 21MHz 
m Wide supply voltage range 2.5V to 30V 
m™ Slew rate 12V/us 
m@ Supply current 0.97 mA 
m Cap load limit Unlimited 
@ Output short circuit current +53mA/—75mA 
m +/-5% Settling time 400ns (500pF, 100mV pp step) 
= Input common mode voltage 0.3V beyond rails 
# Input voltage noise 15nVNHz 
@ Input current noise 1pAN Hz 
m@ THD+N < 0.05% 
Applications 
mg TFT-LCD flat panel Vcooy driver 
m A/D converter buffer 
m@ High side/low side sensing 
™ Headphone amplifier 
Connection Diagram 

SOT23-5 

Output (J y* 
V C4 SOT23-5 
Non-Inverting = Inverting 
Input Input 
DS101084-62 
Top View 
NSC Drawing 






1K Units Tape and Reel 
3K Units Tape and Reel 





MA05B 
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Absolute Maximum Ratings (Note 1) Junction Temperature (Note 4) +150°C 
if Military/Aerospace specified devices are required, Soldering Information: 
please contact the National Semiconductor Sales Office/ Infrared or Convection (20 sec.) 235°C 
Distributors for availability and specifications. Wave Soldering (10 sec.) 260°C 
2KV (Note 2) 

ce elas 200V(Note 9) Operating Ratings 

Vinsomerental —_ eee Supply Voltage (V* - V-) 2.5V to 30V 
Output Short oe oo (Notes 3, 11) Junction Temperature Range(Note 4). -40°C to +85°C 
SUD IY wOlRGe yo N) é 7 ane Package Thermal Resistance, 0,,,(Note 4) 

Voltage at Input/Output pins V* +0.8V, V~ -0.8V SOT23-5 325°C/W 


Storage Temperature Range —65°C to +150°C 


2./V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = 0.5V, Vo = V*/2, and 
R, > 1MQ to V~. Boldface limits apply at the temperature extremes. 


Limit 


Input Offset Voltage 


Vom = 0.5V & Voy = 2.2V 


+/-0.7 +/—5 
+/-7 


























inks 12) 
Note 7) -2.70 
Note 7) +1 60 
. . ~ 
[Vewsteppedtomt7vioa7v | 100 | 
50 
Rejection Ratio 74 
CMVR Input Common-Mode Voltage CMRR > 50dB 
Range 0.0 
t+ 
2. 7 
R, = 10K to V~ 
R, = 2K to V- fh 
V5 Output Swing R, = 10K to V- 2.59 
High 2. AG 
a oe 
2. At 
Output Swing R, = 10K to V™ a} 3 
Low 120 
| Vip = = 200mV (Note 10) 
Vip = -200mV (Note 10) 
Is Supply Current No load, Von = 0.5V rere 
1 50 
SR___| SlewRato (Notes) Av=tMi= Vee —SOSSC~=—“—*~idSC“‘ *™*~SC‘“ SCS 
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Units 
mV 


max 
uvV/C 


UA 
max 


nA 
max 


dB 
min 


dB 
min 


max 


min 
dB 
min 
dB 
min 


min 


mV 
max 
mA 
min 
mA 
min 
mA 
max 
V/us 


2.7V Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Von = 0.5V, Vo = V*/2, and 
R, > 1MQ to V~. Boldface limits apply at the temperature extremes. 


ai Typ Limit : 


L9OC8INT 





fy Unity Gain-Frequency V, = 10mV, R, = 2KQ to V*/2 MHz 
GBWP Gain Bandwidth Product f = 50KHz 21 15.5 MHz 
14 min 
en Input-Referred Voltage Noise f = 2KHz, Rg = 50Q a ae nV//Hz 
in | Input-Referred Current Noise f = 2KHz 1 ae pA/ Hz 
fs Full Power Bandwidth Z, = (20pF Il 10KQ) to V*/2 Fa Mz 


5V Electrical Characteristics 


Unless otherwise specified, all limited guaranteed for T, = 25°C, V* = 5V, V~ = OV, Voy = 1V, Vo = V*/2, and 
R, > 1MQ to V~. Boldface limits apply at the temperature extremes. 


+/— 7 max 
(Note 12) 
Is Input Bias Current Vom = 1V ~2.00 
(Note 7) -2.70 UA 
Vom = 4.5V +1.00 max 
(Note 7) +1.60 
ee Vom = 1V & Voy = 4.5V 20 250 nA 


400 max 
CMRR Common Mode Rejection Ratio Vom stepped from OV to 3.3V 110 84 


| 72 
Vom stepped from 4V to 5V 100 
Vom stepped from OV to 5V 





dB 
min 


64 
61 


+PSRR Positive Power Supply Rejection V* = 2.7V to 5V, Von = 0.5V 104 78 dB 
Ratio min 


CMVR Input Common-Mode Voltage Range | CMRR > 50dB 





~“ 
p= 


max 





min 





| 

fo) ol ro) 
“I~ |] OF On] ¢ 

on : 





ro) 
| 
ano 
o-|/O 1 
< < 


Avo. Large Signal Voltage Gain Vo = 0.5 to 4.5V, 
R, = 10K to V- dB 
Vo = 0.5 to 4.5V, 70 min 
R, = 2K to V- 66 
Vo Output Swing R, = 10K to V- 4.87 4.75 
R, = 2K to V- 4.81 4.70 min 
4.66 
Output Swing R, = 10K to V~ 125 mV 
Isc Output Short Circuit Current Sourcing to V~ 53 35 
Vip = 200mV (Note 10) 20 mA 
Sinking to V* 75 min 
Vip = -200mV (Note 10) 
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LM8261 


5V Electrical Characteristics (continued) 


Unless otherwise specified, all limited guaranteed for T, = 25°C, V* = 5V, = = OV, Vom = = 1”, NGS = V*/2, and 
R, > IMQ to V-. Boldface limits apply at the temperature extremes. 


Limit 


Parameter Condition ig a i 5) (Note 6) Units 








Is UPR Current No load, Vom = 1V mA 
1 5 max 
min 

R, = 2K to v2 
15 } min 
Phin a A Deg 
THD+N =} Total Harmonic Serotion y Nowe R, = 1KQ to V*/2 ~ 0.05 ok ae % 

= 10KHz to Ay= +2, 4Vpp 
swing 





+/-15V Electrical Characteristics 


Unless otherwise specified, all limited guaranteed for T, = 25°C, V* = 15V, V- = -15V, Vom = OV, Vo = OV, and 
R, > 1MQ to OV. Boldface limits apply at the temperature extremes. 


| a max 
| [input Offset Average Drift a Vom = = 4.5V & Vom = 14.5V uVv/’C 
. : (Note 12). - 
Vom =-14.5V 2.00 
(Note a -—2.80 
| (Note 7 +1 50 
7 max 
CMRR Common Mode Rejection Ratio eons 

















Input Bias Current 


| Vom Stepped from 14V to 15V_ | stepped | Vom Stepped from 14V to 15V_ | 14V to 15V 
Vom i from -15V to 15V 


+PSRR Positive Power Supply Rejection = 12V to 15V dB 
Ratio min 
—-PSRR | Negative Power Sea Rejection = -12V to -15V 
; Ratio ; . a i 
CMVR _ | Input Gorin Mode Voltage Range | CMRR > 50dB ~15.3 -15.1 V 
: ez | 3 —-15.0 max 
| | 15.3 15.1 V 
|. 15.0 min 





30a 
5 WO 
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+/—15V Electrical Characteristics (continued) 


Unless otherwise specified, all limited guaranteed for T, = 25°C, V* = 15V, V7 = -15V, Vow = OV, Vo = OV, and 
R, > 1MQ to OV. Boldface limits apply at the temperature extremes. 


Condition Nes Units 
Ace. Large Signal Voltage Gain Vo = OV to 4/-13V, 78 
R, = 10KQ 74 
Vo = OV to +/-13V, 72 
R, = 2KQ 66 
R, = 10KQ 14.65 
14.61 V 
R, = 2KQ 14.60 min 
14.55 


R, = 10KQ -14.91 ~14.75 
~14.65 V 


R, = 2KQ -—14.83 -14.65 max 
-14.60 


Symbol Parameter 


dB 
min 





Vo Output Swing 
High 


Output Swing 
Low 





lsc Output Short Circuit Current Sourcing to ground 40 
Vip = 200mvV (Note 10) 25 mA 
Sinking to ground 100 70 min 
Vip = 200mvV (Note 10) 60 


Is Supply Current No load, Von = OV 1.30 1.50 mA 
1.90 max 
(Note 8) i 


min 
ut Unity Gain Frequency V, = 10mvV, R, = 2KQ 


MHz 
GBWP Gain-Bandwidth Product f = 50KHz 24 


MHz 
Phi,, Phase Margin V, = 10mV Deg 


10 

8 

18 

16 min 
e, Input-Referred Voltage Noise f = 2KHz, Re = 50 (et nV/ Hz 


in Input-Referred Current Noise f = 2KHz 1 pA//Hz 


thes Full Power Bandwidth Z, = 20pF Il 10KQ 


ts Settling Time (4+/-1%, Ay = +1) Positive Step, 5Vpp 320 
Negative Step, 5Vpp 


THD+N Total Harmonic Distortion +Noise R, = 1KQ, f = 10KHz, 0.01 
Ay = +2, 28Vpp swing 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Rating indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5kQ in series with 100pF. 


KHz 


ns 


% 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. 


Note 4: The maximum power dissipation is a function of Ty(max), 6ja, and Ty. The maximum allowable power dissipation at any ambient temperature is 
Pp = (Ty(max) - Ta)/ 8ya. All numbers apply for packages soldered directly onto a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Positive current corresponds to current flowing into the device. 

Note 8: Slew rate is the slower of the rising and falling slew rates. Connected as a Voltage Follower. 

Note 9: Machine Model, 0Q is series with 200pF. 

Note 10: Short circuit test is a momentary test. See Note 11. 

Note 11: Output short circuit duration is infinite for Vg < 6V at room temperature and below. For Vs > 6V, allowable short circuit duration is 1.5ms. 
Note 12: Offset voltage average drift determined by dividing the change in Vog at temperature extremes into the total temperature change. 
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LM833 





LM833 


National Semiconductor 


Dual Audio Operational Amplifier — 


General Description 


The LM833 is a dual general purpose operational amplifier 
designed with particular emphasis on performance in audio 
systems. : 


This dual amplifier IC utilizes new circuit and processing 
techniques to deliver low noise, high speed and wide band- 
width without increasing external components or decreasing 
stability. The LM833 is internally compensated for all closed 
loop gains and is therefore optimized for all preamp and high 
level stages in PCM and HiFi systems. 


The LM833 is pin-for-pin compatible with industry standard 
dual operationa! amplifiers. 


Schematic Diagram (1/2 L833) 


8 


+Vec 










— VEE 


Connection Diagram 





Features 


m Wide dynamic range: 


m Low input noise 
voltage: 


High slew rate: 
High gain bandwidth: 


Low distortion: 

Low offset voltage: 
Large phase margin: 
Available in 8 pin 
MSOP package 


ees | 


+Vec 


OUT B 


—INB 


+INB 


DS005218-2 


Wide power bandwidth: 


140dB 


4.5nV/NHz 

7 V/us (typ); 5V/us (min) 
15MHz (typ); 10MHz (min) 
120KHz 

0.002% 

0.3mV 

60° 





DS005218-1 


Order Number LM833M, LM833MX, LM833N, LM833MM or LM833MMX 
See NS Package Number 
MO8A, NO8E or MUA08A 
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- 
a i = 
Absolute Maximum Ratings (Note 1) Soldering Information ror) 
- - . Dual-In-Line Package es 
If Military/Aerospace specified devices are required, Soldering (10 seconds) 260°C 
please contact the National Semiconductor Sales Office/ 


Small Outline Package 





Distributors for availability and specifications. (SOIC and MSOP) 
Supply Voltage Voc—VeEr 36V Vapor Phase (60 seconds) 215°C 
Differential Input Voltage (Note 3) V, +30V Infrared (15 seconds) 220°C 
Input Voltage Range (Note 3) Vic +15V See AN-450 “Surface Mounting Methods and Their Effect 
Power Dissipation (Note 4) P 500 mW on Product Reliability” for other methods of soldering 
- ae 25 r ee surface mount devices. 

perating ‘lemperature: range: IGer et ESD tolerance (Note 5) 1600V 
Storage Temperature Range Tstcq -60 ~ 150°C 


DC Electrical Characteristics (notes 1, 2) 
(Tx = 25°C, Vg = +15V) 


los | Input Offset Curent S| SSSCS~*~<“~*~dSC“‘SZ’C YO” ~*CT«C200*YS 
Vom Output Voltage Swing R, = 10 kQ +12 +13.5 V 
OMRR | Common-Mode Rejection Ratio _|Va=2t2v—+| 60 | too | | 4B 
PSAR | Power Supply Rejection Ratio __|Vs=15-6v,-15-6v | 60 | 100 | (| <B 


AC Electrical Characteristics 
(Ta = 25°C, Vs = +15V, R, a2 kQ) 


Parameter Typ 
7 





—_h 
or 


Slew Rate Ru = 2 kQ 
Gain Bandwidth Product f = 100 kHz 


Design Electrical Characteristics 
(Ta = 25°C, Vg = +15V) 
The following parameters are not tested or guaranteed. 


Symbol Parameter Typ |_Unit 


AVos/AT Average Temperature Coefficient 2 uVv/’C 
of Input Offset Voltage 


THD Distortion R, = 2 kQ, f = 20~20 kHz 0.002 % 
Vout = 3 Vrms, Ay =4 
Input Referred Noise Voltage Rg = 100Q, f = 1 kHz 


in Input Referred Noise Current f = 1 kHz 0.7 pA/VHz 


PBW Power Bandwidth 120 kHz 
i Unity Gain Frequency 
r Phase Margin 

Input Referred Cross Talk -—120 dB 


0) 
3 
> 
o 
3 
< 
= 
| 
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LM833 


Design Electrical Characteristics (continuea) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func- 
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar- 
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not. guaranteed for parameters where no limit is 
given, however, the typical value is a good indication of device performance. . . 


Note 2: All voltages are measured with respect to the ground pin, unless otherwise specified. 
Note 3: If supply voltage is less than +15V, it is equal to supply voltage. 

Note 4: This is the permissible value at T, < 85°C. 

Note 5: Human body model, 1.5 kQ in series with 100 pF. 
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LEsin' 


National Semiconductor 








LM837 
Low Noise Quad Operational Amplifier 


General Description Features 

The LM837 is a quad operational amplifier designed for low ™ High slew rate 10 V/us (typ); 8 V/us (min) 
noise, high speed and wide bandwidth performance. Ithasa # Wide gain bandwidth product 25 MHz (typ); 15 MHz 
new type of output stage which can drive a 600Q load, mak- (min) 

ing it ideal for almost all digital audio, graphic equalizer, m Power bandwidth 200 kHz (typ) 
preamplifiers, and professional audio applications. Its high ~~ ™ High output current +40 mA 
performance characteristics also make it suitable for instru- Excellent output drive performance >6002 
mentation applications where low noise is the key consider- = Low input noise voltage 45 nv/ JHz 
anon _ = Low total harmonic distortion 0.0015% 
The LM837 is internally compensated for unity gain opera- = Low offset voltage 0.3 mv 


tion. It is pin compatible with most other standard quad op 
amps and can therefore be used to upgrade existing sys- 
tems with little or no change. 


Schematic and Connection Diagrams 


Dual-in-Line Package 





DS009047-2 
Top View 
Order Number LM837M, 
LM837MX or LM837N 
See NS Package Number 
M14A or N14A 





DS009047-1 
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LM837 


Absolute Maximum Ratings$ (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 


Storage Temperature Range, Tste 


Soldering Information 
Dual-In-Line Package 


-—60°C to +150°C 


Distributors for availability and specifications. Soldering iO seconds) eo0e 
Small Outline Package 

Supply Voltage, Voc/Ver +18V Vapor Phase (60 seconds) 215°C 
Differential Input Voltage, Vip (Note 2) +30V Infrared (15 seconds) 220°C 
Common Mode Input Voltage, Vic ESD rating to be determined. 
(Note 2) | +15V See AN-450 “Surface Mounting Methods and Their Effect 
Power Dissipation, Pp (Note 3) 1.2W (N) on Product Reliability” for other methods of soldering. 

830 mW (M) surface mount devices. - 


Operating Temperature Range, Topr -40°C to +85°C 


DC Electrical Characteristics 
Ta = 25°C, Vg = +15V 


Symbol 


Units 


Vos Input Offset Voltage Rs = 500 5 mV 
los 10 nA 


nA 


| Min 

feel 

| Input Offset Curent | 200 

E | Input Bias Current | 8001000 
| 90 | 110 


| 
500 
Large Signal Voltage Gain R, = 2 kQ, Voyt = +10V | 


Ay | dB 
Vow | Output Votage Swing 

v 
CMR a6 
PSRR i i dB 


< 


Power Supply Rejection Ratio Vs = 15~5, -15~-5 | 80 | 100 | 
Is Power Supply Current R, = %, Four Amps ae ie ae 15 


mA 


AC Electrical Characteristics 

T, = 25°C, Vg = £15V 
[__Parameter——-| Condition —«|—‘Min —_ 
PSiewRate —SCd[ Ru OOORCS*~“‘dSC*SSC*” 
Gain Bandwidth Product 














Typ 
GBW 25 


— 
o>) 





Design Electrical Characteristics 
Ta= 25°C, Vg=+15V (Note 4) 





Symbol |____‘Parametor——=~=~«~Y~S*~*~*~ tion ——SSSS« «Mn | Tye | Max | Unis 
PEW | PowerBandwidth ——=~S* Co = 85Vem = 6000, THO < 1% | | 200 | | _ KH 
ent Equivalent Input Noise Voltage JIS A, Rg = 100Q ae io ee uv 
ene f = 1 kHz nv/ 
Fj«| | 

in f = 1 kHz pA/ 
a EE: 

f = 20 ~ 20 kHz, R, = 600Q 

i Open Loop es 
®m [Phase Margin ——~—~SCS~*wCpen boop SSSSS~=~—~—~—~s~—sSSC*‘idiCC(C“ STC Cg 


f = 20 ~ 20 kHz 


Input-Referred Crosstalk | ft t20 | dB 
AVos/AT | Average TC of Input Offset Voltage as ae aaa ee uv/C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func- 
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar- 
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is 
given, however, the typical value is a good indication of device performance. 








Note 2: Unless otherwise specified the absolute maximum input voltage is equal to the power supply voltage. 
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Design Electrical Characteristics (Continue) 


Note 3: For operation at ambient temperatures above 25'C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance, 
junction to ambient, as follows: LM837N, 90°C/W; LM837M, 150°C/W. 


Note 4: The following parameters are not tested or guaranteed. 


Les 








Detailed Schematic 


1/4 QUAD | 


ANOTHER 





DS009047-3 
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LMC2001 


National Semiconductor 


High Precision, 6MHz Rail-To-Rail Output Operational 


Amplifier 


General Description 


The LMC2001 is a new precision amplifier that offers un- 
precedented accuracy and stability at an affordable price 
and is offered in miniature (SOT23-5) package. This device 
utilizes patented techniques to measure and continually cor- 
rect the input offset error voltage. The result is an amplifier 
which is ultra stable over time, and temperature. It nas excel- 
lent CMRR and PSRR ratings, and does not exhibit the fa- 
miliar 1/f voltage and current noise increase that plagues tra- 
ditional amplifiers. The combination of the LMC2001 
characteristics makes it a good choice for transducer ampli- 
fiers, high gain configurations, ADC buffer amplifiers, DAC 
I-V conversion, and any other 5V application requiring preci- 
sion and/or stability. 

Other useful benefits of the LMC2001 are rail-to-rail output, 
low supply current of 750uA, and wide gain-bandwidth 
product of 6MHz. The LMC2001 comes in 5 pin SOT23 and 
8 pin SOIC. These extremely versatile features found in the 
LMC2001 provide high performance and ease of use. 


Connection Diagrams 


8-Pin SO 
NC — BNC 
Vin” : Ay 
Vin” : : Vout 
ve 2 No 
DS100058-1 
Top View | 


Features 
(Vs = 5V, R, = 10K to V* /2, Typ. Unless Noted) 


m= Low Guaranteed V,, Ned 
m ec, With No 1/4 85nVN Hz 

m@ High CMRR 120dB 
m High PSRR 120dB 
@ High Avo. 137dB 
m Wide Gain-Bandwidth Product 6MHz 
m High Slew Rate 5V/us 
= Low Supply Current 750uA | 
m Rail-To-Rail Output 30mV from either rail 
= No External Capacitors Required 


Applications 

m= Precision Instrumentation Amplifiers 
m™ Thermocouple Amplifiers 

m Strain Gauge Bridge Amplifier 


5-Pin SOT23 





DS100058-2 


Top View 


Vos Distribution 


Relative Frequency (%) 


-8 -6 -4 -2 
Vos (nV) 





0 2 4 6 8 


DS100058-63 
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| as 
‘ : . = 
Absolute Maximum Ratings (Note 1) Storage Temperature Range -65°C to 150°C O 
If Military/Aerospace specified devices are required, Junction Temperature (T, ) 150°C = 
please contact the National Semiconductor Sales Office/ (Note 4) —_ 
Distributors for availability and specifications. | 
ESD Tolerance (Note 2) Operating Ratings (note 1) 
Human Body Model 2500V Supply voltage 4.75V to 5.25V 
Machine Model 150V Temperature Range 
Differential Input Voltage + Supply Voltage LMC2001AlI -40°C < T, < 85°C 
Supply Voltage (V* - V’) 5.6V LMC2001AC | 0°;C <T,< 70°C 
Current At Input Pin 30mA Thermal resistance ( @ j,) 
Current At Output Pin 30mA M Package, 8-pin Surface Mount 180°C /W 
Current At Power Supply Pin M5 Package, SOT23-5 274°C /W 
50mA 
(Note 3) 
Lead Temperature (soldering, 10 260°C 
sec) 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 5V, V = OV, V oy = 2.5V, Vo = 2.5V and R, > 1MQ. 
Boldface limits apply at the temperature extremes. 














60 max 
[Offset Caibraon time | ———S~<CS~—“—~sd Si SCdT SSC SCSC*d Ss 
TOVos | Input Offset Voltage =i Note) —SSSC*~=~“~*~‘~RC=CiSSCSdSSSS~*~dCi 
(Nate 8) ~ {0.006 [=~ avmnthy 
i (Note 9) a 
= a a 
Rinp Input Differential Resistance Po, ee ee et Oe MQ 
CMRR Common Mode Rejection OV < Vom < 3.5V 120 100 | dB 
Ratio min 
min 
Rejection Ratio 90 min 
Avot Large Signal Voltage Gain 137 dB 
(Note 7) 100 min 
90 
Vo Output Swing R, = 10kQ to 2.5V V 
Vin (diff) = +0.5V 4.955 min 
0.060 max 
Vinal) = #0.5V Poors [ TSCSC~YSC‘Y 
lo | Output Current Sourcing, Vo = OV mA 
Vin (diff) = +0.5V 1.5 min 
Sinking, Vo = 5V 14.5 mA 
V in(diff) = +0.5V 1.5 min 
1.2 max 
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LMC2001 


3 


AC Electrical Characteristics _ 
Ty = 25°C, V* = BV, V> = OV, Voy = 2.5V, Vo = 2.5V, and Ri. > 1MQ. . 


Conditions | a 


Symbol | Parameter (Note 5) 


Ay = +1, V,,=3. 5Vpp 





SR Slew Rate 
GBW | Gain-Bandwidth Product 


: coaeagecenncen tensed ricco 


Gain Margin 


CnP-P | Input-Referred Voltage pares Rg = 100Q, DC to 10Hz 


THD Total Harmonic Distortion f = 1kHz, Av = -2 0.02 % 


R, = 10kQ,V_5 = 4.5Vpp 
trec Input Overload Recovery Time 


Ts Output Settling time (Note 10) Ay= +1, 1V step 


- 5 

— 

on < | 
a ' 
Ww 





a 
ro) 
S 
7 


1% 
0.1% 
0.01% 
1% 
0.1% 860 
0.01% - 1400 


Note 1: Absolute Maximum Ratings indicate limits beyond which Gamage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5kQ in series with 100pF. Machine model, 200Q in series with 100pF. 
Note 3: Output currents in excess of 30mA over long term may adversely affect reliability. . 


Note 4: The maximum power dissipation is a function of Tymax), 8 ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
- Ta)/® ya. All numbers apply for packages soldered directly onto a PC board. 


Note 5: Typical values represent the most likely parametric norm. 


250 


S 
” 


3200 | 


(Note 10)Ay= -1, 1V step 





Note 6: All limits are guaranteed by testing or statistical analysis, unless otherwise noted. . 

Note 7: V* = 5V, Vom = 2.5V, and R_ connected to 2.5V. For Sourcing tests, 2.5V < Vo < 4.8V. For Sinking tests, 0.2V < Vo < 2.5V. 
Note 8: Guaranteed Vos Drift is based on 280 devices operated for 1000 hrs at 150°C (equivalent to 30 years 55°C). 

Note 9: Guaranteed by design only. 


Note 10: Settling times shown correspond to the worse case (positive or negative step) and does not include slew time. See the Application Note section for test 
schematic. ; US. aes 


Note 11: The limits are set by the accuracy of high speed automatic test equipment. For the typical Vos distribution, see the curve on page 4. 
Note 12: Precision bench measurement of more than 300 units. More than 65% of units had less than 15nV /°C Vog drift. 
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National Semiconductor 


LMC6001 


LOO9DINT 


Ultra Ultra-Low Input Current Amplifier 


General Description 


Featuring 100% tested input currents of 25 fA max., low op- 
erating power, and ESD protection of 2000V, the LMC6001 
achieves a new industry benchmark for low input current op- 
erational amplifiers. By tightly controlling the molding com- 
pound, National is able to offer this ultra-low input current in 
a lower cost molded package. 


To avoid long turn-on settling times common in other low in- 
put current opamps, the LMC6001A is tested 3 times in the 
first minute of operation. Even units that meet the 25 fA limit 
are rejected if they drift. 


Because of the ultra-low input current noise of 0.13 fA/VHz, 
the LMC6001 can provide almost noiseless amplification of 
high resistance signal sources. Adding only 1 dB at 100 kQ, 
0.1 dB at 1 MQ and 0.01 dB or less from 10 MQ to 2,000 MQ, 
the LMC6001 is an almost noiseless amplifier. 

The LMC6001 is ideally suited for electrometer applications 
requiring ultra-low input leakage such as sensitive photode- 
tection transimpedance amplifiers and sensor amplifiers. 
Since input referred noise is only 22 nV/VHz, the LMC6001 


Connection Diagrams 


8-Pin DIP 


NC 






INVERTING INPUT 


NON-INVERTING 3 


INPUT OUTPUT 


NC 


DS011887-1 


Top View 
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can achieve higher signal to noise ratio than JFET input type 
electrometer amplifiers. Other applications of the LMC6001 
include long interval integrators, ultra-high input impedance 
instrumentation amplifiers, and sensitive electrical-field mea- 
surement circuits. 


Features 


(Max limit, 25°C unless otherwise noted) 


m Input current (100% tested): 25 fA 
m@ Input current over temp.: 2 pA 

m Low power: 750 UA 

@ Low Vos: 350 UV 

| 


Low noise: 22 nV/VHz @1 kHz Typ. 


Applications 

m Electrometer amplifier 
m Photodiode preamplifier 
m@ lon detector 

m A.T.E. leakage testing 


8-Pin Metal Can 


OUTPUT 






NON-INVERTING 
INPUT 


DS011887-2 


Top View 


www.national.com 





LMC6001 


Ordering Information 
Package Industrial Temperature Range NSC Package 

ae ae 

8-Pin LMC6001AIN, LMC6001BIN, 

8-Pin LMC6001 AIH, LMC6001BIH | HO8C. = ty, 

fac [owe 
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Absolute Maximum Ratings (Note 1) Current at Power Supply Pin 40 mA 
If Military/Aerospace specified devices are required, Power Dissipation (Note 9) 
please contact the National Semiconductor Sales Office/ ESD Tolerance (Note 9) 2 kV 
Distributors for availability and specifications. 

Differential Input Voltage +Supply Voltage Operating Ratings (Note 1) 

Voltage at Input/Output Pin (V*) + 0.3V, (V7) — 0.3V Temperature Range 

Supply Voltage (V* — V>) —0.3V to +16V LMC6001AI, LMC6001BI, LMC6001C! 

Output Short Circuit to V* (Notes 2, 10) -40°C < T, < +85°C 

Output Short Circuit to V~ (Note 2) Supply Voltage 45V < Vt <15.5V 
Lead Temperature | Thermal Resistance (Note 11) 

(Soldering, 10 Sec.) 260°C 84,, N Package 100°C/W 
Storage Temperature —65°C to +150°C 84,, H Package 145°C/W 
Junction Temperature 150°C 8c, H Package 45°C/W 
Current at Input Pin +10 mA Power Dissipation (Note 8) 
Current at Output Pin +30 mA 


DC Electrical Characteristics 


Limits in standard typeface guaranteed for T, = 25°C and limits in boldface type apply at the temperature extremes. Unless 


otherwise specified, V* = 5V, V~ = OV, Voy = 1.5V, and R, > 1M. 


Symbol Parameter Conditions Typical Limits (Note 5) 
(Note 4) |LMC6001AI |LMC6001BI |LMC6001CI 


Ip Input Current Either Input, Vey = OV, 10 25 100 1000 


Vs = +5V 2000 4000 4000 
los Input Offset Current | 2000 
Vos Input Offset Voltage 1.0 


— 
() 


0.35 





Vs => +5V, Vom = OV 1 35 1.35 


TCVos Input Offset 
fvomeoe | 
CMRR Common Mode OV < Vom < 7.5V 
+PSRR | Positive Power Supply 5V < Vi < 15V 
ftomennaio [o 
—-PSRR | Negative Power OV > V- =>-10V 
Supply Rejection Ratio ere 


1.35 


2h —_h 
>) - oO 


2.5 
>I 
83 
83 
94 


0 
re 
ri 
7 
7 
8 
7 


NO 
i=) 











7 
5 
2 
3 
0 
0 
7 
0 
0 
0 












1 
T 
6 
7 
7 
3 
2 
9 
6 
Vt- 
vt 


ré 
0 
0 
2 
8 
4 
1 
00 
00 
0 
0 
0 
2.3 


74 

al : 

Ay Large Signal Sourcing, R, = 2 kQ 1400 40 300 
Voltage Gain (Note 6) ot os 

Sinking, Ry = 2 kQ 350 180 90 

Vom Input Common-Mode V* = 5V and 15V —0.4 -0.1 -0.1 —0.1 
Voltage For CMRR = 60 dB CL. be 


V V 
VF -2.5 Vt - 2.5 


Vo Output Swing Vt = 5V 4.87 4.80 4.75 4.75 
R, = 2 kQ to 2.5V 4.73 4.67 
0.10 0.14 0.20 0.20 
na | aa | tae 
Vt = 15V 14.63 14.50 14.37 14.37 
0.26 0.35 0.44 0.44 
8 | ae | ase | ae 


- 2.5 


elf 
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Units 


fA 


3 
< 


uV/?C 


Tera Q 


QO 
Ww 


min 


V/mV 


min 


max 


min 


min 


max 


min 


max 


LOO9OWT 





LMC6001 


DC Electrical Characteristics (continued) 


Limits in standard nae eee or. i T, = 25°C at Wes in boidface type apply at the temperature extremes. Unless 
otherwise specified, V = OV, Vom = 1.5V, and R 1M. 


(Note 4 
Output Current Sourcing, Vt = 5V, 16 
Sinking, V* = 5V, 16 - 
Sourcing, Vt = 15V, 30 28 23 23—Cé—s«édYS; 
Sinking, V* = 15V, 28 23 23 
Vo = 13V (Note 10) 22 18 18 


V* = BV, Vo = 1.5V 450 750 750 750 






















Supply Current 
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AC Electrical Characteristics 


Limits in standard typeface guaranteed for T, = 25°C and limits in boldface type apply at the temperature extremes. Unless 
otherwise specified, V* = 5V, V~ = OV, Voy = 1.5V and R, > 1M. 


Symbol Parameter Conditions Typical Limits (Note 5) Units 
(Note 4) |} LM6001AI |LM6001BIi | LM6001Ci 







Slew Rate (Note 7) 1.5 0.8 0.8 Mins 
a ae ee a RIS 
i en acs ee ae A! 
Gu eas a RNR AS 
i 5 ee 
R, = 100 kQ, 
Vo = 8 Vpp 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the maxi- 
mum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Ty(max), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (Tymax) — Ta)/®Ja- 

Note 4: Typical values represent the most likely parametric norm. 

Note 5: All limits are guaranteed by testing or statistical analysis. 

Note 6: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 7: V* = 15V. Connected as Voltage Follower with 10V step input. Limit specified is the lower of the positive and negative slew rates. 

Note 8: For operating at elevated temperatures the device must be derated based on the thermal resistance ®jq with Pp = (Ty — T,)/®ya- 

Note 9: Human body model, 1.5 kQ in series with 100 pF. 

Note 10: Do not connect the output to V*, when V* is greater than 18V or reliability will be adversely affected. 

Note 11: All numbers apply for packages soldered directly into a printed circuit board. 
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LMC6022 


| General Description 





‘National Semiconductor 


LMc6022 


Low Power CMOS Dual Operational Amplifier 


The LMC6022 is a CMOS dual operational amplifier. which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range © 
that reaches V-, low input bias current, and voltage gain (into 
100k and 5 kQ loads) that is equal to or better than widely 
accepted bipolar equivalents, while the power supply re- 


Ultra low input bias current: 40 fA . 
Input common-mode range includes V- 
Operating range from +5V to +15V supply 
Low distortion: 
Slew rate: 0.11 V/us 
Micropower operation: 0.5 mW 


0.01% at 1 kHz 


High-impedance buffer or preamplifier . 


quirement is less than 0.5 mW. Applications 
This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. m@ Current-to-voltage converter 
See the LMC6024 datasheet for a CMOS quad operational m Long-term integrator 
amplifier with these same features. = Sample-and-hold circuit 

- m™ Peak detector 
Features = Medical instrumentation 
m Specified for 100 kQ and 5 kQ loads m Industrial controls 
m@ High voltage gain: 120 dB | 
m Low offset voltage drift: 2.5 uV/°C 
Connection Diagram 

8-Pin DIP/SO | 


V+ 


OUTPUT A 


INVERTING INPUT A 


NON-INVERTING INPUT A 





Top View 


OUTPUT B 


INVERTING INPUT B 


NON-INVERTING INPUT B 


DS011236-1 


LMC6022 Circuit Topology (Each Amplifier) 





DS011236-6 


www.national.com 1-136 | 





es 
Absolute Maximum Ratings (Note 1) Current at Input Pin +5 mA 5 
Differential Input Voltage +Supply Voltage ae = ees e ide 5 8 
Supply Voltage (Vt - V-) 16V 
pee vember Operating Ratings 

(Soldering, 10 sec.) 260°C 
Storage Temperature Range -65°C to +150°C Temperature Range -40°C < Ty s +85°C 
Junction Temperature 150°C Supply Voltage Range 4.75V to 15.5V 
ESD Tolerance (Note 4) 1000V Power Dissipation (Note 10) 
Voltage at Output/Input Pin (Vt) +0.3V, (V-) -0.3V Thermal Resistance (8,,), (Note 11) 
Current at Output Pin +18 mA 8-Pin DIP 101°C/W 
Current at Power Supply Pin 35 mA 8-Pin SO 165°C/W 
Power Dissipation (Note 3) 


DC Electrical Characteristics 


The following specifications apply for V* = 5V, V~ = OV, Vey = 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 
face limits apply at the temperature extremes; all other limits T,; = 25°C. 


; LMC6022I 

— i ey “ 
(Note = 

11 max 









AVos/AT Input Offset yolage uv/°C 
See 
le Input Bias Current 0.04 pA 
los Input Offset Current 0.01 pA 
CMRR Common Mode OV < Vom S$ 12V 83 63 dB 
+PSRR Positive Power UPN 5V<V*< 15V 63 dB 
—PSRR nee Power Supply OV< VV <-10V 74 dB 
Vom Input Common-Mode = 5V & 15V —0.1 V 
Voltage Range For CMRR = 50 dB a max 
Vt- 1.9 Vt - 2.3 V 
Vt - 2.5 min 
Ay Large Signal R, = 100 kQ (Note 7) 1000 200 V/mV 
Voltage Gain Sourcing Balt 100 min 
Sinking 500 90 V/imV 
40 min 
R, = 5 kQ (Note 7) 1000 100 V/imV 
Sourcing | 75 min 
Sinking 250 50 V/mV 
20 min 
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LMC6022 


DC Electrical Characteristics (Continued) 


The following specifications apply for V* = 5V, V~ = OV, Vem 


‘face limits apply at the temperature extremes; all other limits T, = 25°C. 


Symbol 


Vo 
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LMC6022! 
Limit 
(Note 2) 









Typical 


Conditions (Note 5) 


Parameter 
















Vt =5V 
R, = 100 kQ to 2.5V 


Output Voltage Swing 


Vt = 5V 
R, = 5 kQ to 2.5V 





Vt = 15V 
R, = 100 kQ to 7.5V 









Vt = 15V 
R, = 5 kQ to 7.5V 








Ve 5V 
Sourcing, Vo = OV 
Sinking, Vo = 5V 

(Note 2) 
Vt = 15V 
Sourcing, Vo = OV 
Sinking, Vo = 13V 
(Note 12) 


Supply Current Both Amplifiers 
Vo = 1.5V 


Output Current 
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= 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 


min 
mA 
min 
mA 
min 
mA 
min 


max 


AC Electrical Characteristics 


The following specifications apply for Vt = 5V, V~ = OV, Vow = 1.5V, Vo = 


2.5V, and R, = 1M unless other otherwise noted. 
Boldface limits apply at the temperature extremes; all other limits T, = 25°C. 


LMC6022I 

fee ypical a ; 

Symbol Parameter Conditions (Note 5) Limit Units 

SR Slew Rate (Note 8) V/us 
min 


MHz 
Deg 


caw 
‘f 
Gu a8 

(ote 9 eB 


en, Input-Referred Voltage Noise F = 1 kHz eT nV/JHz 
in Input-Referred Current Noise F = 1 kHz 0.0002 ae pA/VHz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to component may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 








Note 3: The maximum power dissipation is a function of Tjmax), 8ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
— Ta)/®Jp. 

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or correlation. 

Note 7: V* = 15V, Voy = 7.5V, and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred. V* = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance @jq with Pp = (Ty-T,)/®ya. 
Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: Do not connect output to Vt when V* is greater than 13V or reliability may be adversely affected. 
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~ LMc6024 


National Semiconductor 


LMC6024 — 


Low Power CMOS Quad Operational Amplifier 


General Description 

The LMC6024 is a CMOS quad operational amplifier which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range 
that reaches V-, low input bias current and voltage gain (into 
100 kQ and 5 kQ loads) that is equal to or better than widely 
accepted bipolar equivalents, while the power supply re- 
quirement is less than 1 mW. 3 


This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 


See the LMC6022 datasheet for a CMOS dual operational 
amplifier with these same features. 


Features 

= Specified for 100 kQ and 5 kQ loads 
m High voltage gain 120 dB | 

= Low offset voltage drift 2.5 uV/°C 


Connection Diagram 


OUTPUT 1 

INVERTING INPUT 1 
NON-INVERTING INPUT 1 
Vt 

NON~INVERTING INPUT 2 
INVERTING INPUT 2 


OUTPUT 2 


14-Pin DIP/SO 
VA 





m Ultra low input bias current 40 fA 

= Input common-mode range includes V~ 
m= Operating range from +5V to +15V supply 
# Low distortion 0.01% at 1 kHz 

m Slew rate 0.11 V/us 
m™ Micropower operation 1mW 
Applications 

@ High-impedance buffer or preamplifier 
m= Current-to-voltage converter 
Long-term integrator 
Sample-and-hold circuit 

Peak detector 

Medical instrumentation 

Industrial controls 


OUTPUT 4 
INVERTING INPUT 4 


NON-INVERTING INPUT 4 


NON-INVERTING INPUT 3 
INVERTING INPUT 3 


OUTPUT 3 


DS011235-1 


Top View 
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- 
2 ss = 
Absolute Maximum Ratings (Note 1) Output Short Circuit to V- (Note 2) | © 
If Military/Aerospace specified devices are required, Junction Temperature 150°C ° 
please contact the National Semiconductor Sales Office/ ESD Tolerance (Note 4) 1000V a 
Distributors for availability and specifications. Power Dissipation (Note 3) 


Differential Input Voltage 


+Supply Voltage 


Operating Ratings 


Supply Voltage (V* - V>) 16V 

Lead Temperature Temperature Range -40°C < T, < +85°C 
(Soldering, 10 sec.) 260°C Supply Voltage Range 4.75V to 15.5V 

Storage Temperature Range —65°C to +150°C Power Dissipation (Note 10) 

Voltage at Output/Input Pin (V*) + 0.3V, (V>) - 0.3V Thermal Resistance (8,,), (Note 11) 

Current at Input Pin +5 mA 14-Pin DIP 85°C/W 

Current at Output Pin +18 mA 14-Pin SO 115°C/W 

Current at Power Supply Pin 35 mA 

Output Short Circuit to V* (Note 12) 


DC Electrical Characteristics 


The following specifications apply for V* 
face limits apply at the temperature extremes; all 





other limits T, = 25°C. 





5V, V" = OV, Vow = 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 


Typical LMC6024I 
Symbol Parameter Conditions (Note 5) Limit Units 
Vos Input Offset Voltage mV 
AVos/AT Input Offset Voltage UVC 
a a 
ls Input Bias Current pA 
los Input Offset Current pA 
CMRR Common Mode OV< mane < 12V 63 dB 
+PSRR Positive Power you pey 5V<Vt<15V 63 dB 
—PSRR Necaive Power Supply OV <V- <-10V 74 dB 
Vom Input Common-Mode = 5V and 15V -0.1 V 
Voltage Range For CMRR 2 50 DB oat Max 
Vt -— 1.9 V* - 2.3 V 
Ay Large Signal Voltage Gain R, = 100 kQ (Note 7) 1000 200 V/imV 
Sourcing Pe 100 Min 
Sinking 500 90 V/imV 
40 Min 
R,_ = 5 kQ (Note 7) 1000 100 V/mV 
Sourcing _ 75 Min 
Sinking 250 50 V/mV 
20 Min 





1-141 


www.national.com 





LMC6024 


DC Electrical Characteristics (Continue) 


The following specifications apply for Vt = 5V, V- = ov, Vom = 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 
‘ace limits apply at the temperature extremes; all other limits T y= 25°C. 7 es 


Symbol 


Vo 
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Typical -LMC6024I 


Parameter — . . Conditions — (Note 5) Limit 
~ (Note 6) 





Output Voltage Swing Vt = 5V 
R, = 100 kQ to 2.5V 


Vt = 5V 
R, = 5 kQ to 2.5V 


Vt = 15V 
R, = 100 kQ to 7.5V 


Vt = 15V 


Output Current . V+ = 5V 
. Sourcing, Vo = OV 
Sinking Vo = 5V 
(Note 2) 
V+ = 15V 


Sourcing, Vo = OV 
Sinking, Vo = 13V 
(Note 12) 


Supply Current All Four Amplifiers 
Vo = 1.5V 
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Units 


‘Max 


AC Electrical Characteristics 


The following specifications apply for V* = 5V, V~ = OV, Voy = 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 


face limits apply at the temperature extremes; all other limits T, = 25°C. 


SR Slew Rate (Note 8) 


GBW Gain-Bandwidth Product 


Typical LMC6024! 
(Note 5) Limit 


Our Phase Margin 
Gu 
Amp-to-Amp Isolation (Note 9) 


e, Input-Referred Voltage Noise F = 1 kHz er 
Input-Referred Current Noise F = 1 kHz 0.0002 i 









Units 


V/us 
Min 
MHz 
Deg 
dB 
dB 


nV/VHz 


pA/VHz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings indicate conditions for which the device 
is intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 


The guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversly affect reliability. 


Note 3: The maximum power dissipation is a function of Tjmax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (TJ(max) 


— Ta)/8Ja. 

Note 4: Human body model, 100 pF discharge through a 1.5 kQ resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or correlation. 

Note 7: V* = 15V, Vow = 7.5V, and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 


Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 


Note 9: Input referred, Vt = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 


Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance @jq with Pp = (Ty — Ta)/®yq. 


Note 11: All numbers apply for packages soldered directly into a PC board. 
Note 12: Do not connect output to V* when V* is greater than 13V or reliability may be adversely affected. 
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LMC6032 


AY national Semiconductor | 


LMC6032 


CMOS Dual Operational Amplifier 


General Description 


The LMC6032 is a CMOS dual operational amplifier which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range 
that reaches ground, low input bias current, and high voltage 
gain into realistic loads, such as 2 kQ and 600Q. 

This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

See the LMC6034 datasheet for a CMOS quad operational 
amplifier with these same features. For higher performance 
characteristics refer to the LMC662. 


Features 
m Specified for 2 kQ and 600Q loads 
m@ High voltage gain: 126 dB 


Connection Diagram 


= Low offset voltage drift: 2.3 pV/°C 

m Ultra low input bias current: 40 fA 

m Input common-mode range includes V~ 

m Operating range from +5V to +15V supply. 
Isg = 400 pA/amplifier; independent of V+ 
= Low distortion: 0.01% at 10 kHz 

m™ Slew rate: 1.1 V/us 

m Improved performance over TLC272 


Applications 

m High-impedance buffer or preamplifier 
m™ Current-to-voltage converter 

m Long-term integrator 

m= Sample-and-hold circuit 

= Medical instrumentation 


8-Pin DIP/SO 


OUTPUT A 


INVERTING INPUT A 


NON=INVERTING INPUT A 





~ OUTPUT B 


INVERTING INPUT B 


NON-INVERTING INPUT B 


DS011135-1 


Top View 


10 Hz High-Pass Filter 


+5V 
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ro 

Absolute Maximum Ratings (Note 1) Voltage at Output/Input Pin (V*) + 0.3V, a 

If Military/Aerospace specified devices are required, (V7) - 0.3V 2 

please contact the National Semiconductor Sales Office/ Current at Output Pin +18 mA NO 

Distributors for availability and specifications. Current at Input Pin | +5 mA 

Differential Input Voltage +Supply Voltage Current at Power Supply Pin 35 mA 

Supply Voltage (V* - V>) 16V é . 

Output Short Circuit to V* (Note 10) Operating Ratings (note 1) 

Output Short Circuit to V~ (Note 2) Temperature Range -~40°C < T, < +85°C 

Lead Temperature Supply Voltage Range 4.75V to 15.5V 
(Soldering, 10 sec.) 260°C Power Dissipation (Note 11) 

Storage Temperature Range —65°C to +150°C Thermal Resistance (0,,), (Note 12) 

Junction Temperature 150°C 8-Pin DIP 101°C/W 

ESD Tolerance (Note 4) 1000V 8-Pin SO 165°C/W 

Power Dissipation (Note 3) 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. Vt = 5V, 
V~ = GND = OV, Vom = 1.5V, Vout = 2.5V and R, > 1M unless otherwise specified. 


Symbol Parameter Conditions Typical LMC6032I Units 
(Note 6) 





Vos Input Offset Voltage mV 
AV os8/AT Input Offset Voltage pV/°C 
=e 
Is Input Bias Current pA 
los - Input Offset Current pA 
CMRR Common Mode OV< oe < 12V 63 dB 
+PSRR Positive Power Supply 5V< Vi < 15V 63 dB 
—PSRR Negative Power Supply OV <V- <-10V 74 dB 
Vom Input Common-Mode = 5V & 15V —0.1 V 
Voltage Range For CMRR 2 50 dB 5 0 max 
Vt - 2.3 V 
V* - 2.6 min 
Ay Large Signal R, = 2 kQ (Note 7) 200 V/mV 
Voltage Gain Sourcing 100 min 
Sinking 90 V/mV 
40 min 
R, = 600Q (Note 7) 100 V/mV 
Sourcing 75 min 
Sinking 50 V/mV 
20 min 
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DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. Vt = 5V, 
V- = GND = OV, Vey = 1-5V, Vour = 2.5V and R, > 1M unless otherwise specified. 7 es 


hae - Symbol 


LMC6032 










- LMC60321 
Limit 


Typical | 


Parameter 
i (Note 5) 























Units © 












Vt = 5V 
R. = 2 kQ to 2.5V 


Vo Output Voltage Swing 





Vt = 5V 
R, = 6002 to 2.5V 


Vt = 15V 
R, = 2 kQ to 7.5V 





Vt = 15V 
R,, = 6002 to 7.5V 











Vt = 5V 
Sourcing, Vo = OV 
Sinking, Vo = 5V 


Output Current 22 13 mA 
21 13 mA 

40 23 mA 

Sinking, Vo = 13V 39 23 mA 
Is _.{ Supply Current . Both Amplifiers | 0.75 | 1.6 mA 





Vt = 15V 
Sourcing, Vo = OV 
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AC Electrical Characteristics 


Unless otherwise one all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, 
V~ = GND = OV, Vow = 1.5V, Voyr = 2.5V and R, > 1M unless otherwise specified. 


Symbol Parameter Conditions LMC6032!I Units 
Limit | 


min 
GBW Gain-Bandwidth Product [oe MHz 
iu ___| Phase Margin nan: Deg 
Gy | Gain Marin —SSSSSCS~iSC“‘;‘;CS;*;*™SSS~*dS 





dB 
dB 


Amp-to-Amp Isolation = 9) 


in Input-Referred Current Noise 0.0002 pA/VHz 


= 10 kHz, Ay = -10 
ae 
+5V Supply 









Total Harmonic Distortion 





Yo 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to component may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T J(max) 
— Ta)/® Ja. 

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 

Note 7: V* = 15V, Voy = 7.5V, and R,_ connected to 7.5V. For Sourcing tests, 7.5V < Vo = 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred. V* = 15V and R, = 10 kQ connected to V*/2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 10: Do not connect output to V*, when V* is greater than 13V or reliability may be adversely affected. 

Note 11: For operating at elevated temperatures the device must be derated based on the thermal resistance @j, with Pp = (Ty — Ta)/Oya- 
Note 12: All numbers apply for packages soldered directly into a PC board. 
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LMC6034 





LMC6034 


AY vationat semiconductor 


CMOS Quad Operational Amplifier 


General Description 


The LMC6034 is a CMOS quad operational amplifier which 
can operate from either a single supply or dual supplies. Its 
performance features include an input common-mode range 
that reaches ground, low input bias current, and high voltage 
gain into realistic loads, such as 2 kQ and 600Q. 


This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 


See the LMC6032 datasheet for a CMOS dual operational 
amplifier with these same features. For higher performance 
characteristics refer to the LMC660. 


Features 
m Specified for 2 kQ and 600Q loads 
m@ High voltage gain: 126 dB 


Connection Diagram 


OUTPUT 1 
INVERTING INPUT~ 1 


NON-INVERTING INPUT 1 


NON-INVERTING INPUT 2 
INVERTING INPUT 2 


OUTPUT 2 


Low offset voltage drift: 2.3 pV/°C 

Ultra low input bias current: 40 fA 

Input common-mode range includes V~ 
Operating Range from +5V to +15V supply 
Isg = 400 pA/amplifier; independent of V* 
Low distortion: 0.01% at 10 kHz 

Slew rate: 1.1 V/us 

Improved performance over TLC274 


Applications 


14-Pin DIP/SO 
ay, 





High-impedance buffer or preamplifier 
Current-to-voltage converter 
Long-term integrator 
Sample-and-hold circuit 

Medical instrumentation 


OUTPUT 4 
INVERTING INPUT 4 


NON-INVERTING INPUT 4 


NON-INVERTING INPUT 3 
INVERTING INPUT 3 


OUTPUT 3 


DS011134-1 


Top View 


Guard Ring Connections 
Non-Inverting Amplifier 


R2 





OUTPUT 


DS011134-8 
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Absolute Maximum Ratings (Note 1) Current at Input Pin +5 mA ©). 
| ron) 

If Military/Aerospace specified devices are required, Current at Power Supply Pin 35 mA 9° 

please contact the National Semiconductor Sales Office/ Junction Temperature (Note 3) 150°C r= 

Distributors for availability and specifications. ESD Tolerance (Note 4) 1000V 

Differential Input Voltage +Supply Voltage ‘ . 

Output Short Circuit to V* (Note 10) Temperature Range -40°C < T, < +85°C 

Output Short Circuit to V- (Note 2) Supply Voltage Range 4.75V to 15.5V 

Lead Temperature ; Power Dissipation (Note 11) 
(Soldering, 10 sec.) : miko Thermal Resistance (8,,), (Note 12) 

Storage Temperature Range -65°C to +150°C 14-Pin DIP 85°C/W 

Power Dissipation . (Note 3) 44-Pin SO 415°C/W 

Voltage at Output/Input Pin (V*) +0.3V, (V7) -0.3V 

Current at Output Pin +18 mA 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, 
V- = GND = OV, Vow = 1.5V, Vout = 2.5V, and R, > 1M unless otherwise specified. 


Symbol Parameter Conditions Typical LMC6034I Units 









Vos Input Offset Voltage mV 
AVos/AT Input Offset pvenage uVv/’C 
a cr 
lp Input Bias Current pA 
los Input Offset Current pA 
CMRR Common Mode OV < Vom s 12V 63 dB 
+PSRR Positive Power Supply 5V<V*< 15V 63 dB 
—PSRR Negative Power Supply OV< V <-10V 74 dB 
Vom Input Common-Mode = 5V & 15V -0.1 V 
Voltage Range For CMRR = 50 dB <a 0 max 
V+ -—1.9 VF -2.3 V 
V* — 2.6 min 
Ay Large Signal Voltage Gain R, = 2 kQ (Note 7) 2000 200 V/mV 
Sourcing Galt 100 min 
Sinking 500 90 V/mV 
40 min 
R, = 600Q (Note 7) 1000 100 V/mV 
Sourcing fo | 75 min 
Sinking 250 50 V/mV 
20 min 
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LMC6034 


DC Electrical Characteristics (ontinuea) 


Unless otherwise specified, all limits guaranteed for T. jon 25°C. Boldface limits apply at the temperature extremes. Vt = = = BV, 
V- = GND = OV, Vey = 1.5V, Vout = 2.5V, and R, > 1M unless otherwise specie: 


Symbol Parameter 


Vo Output Voltage Swing 


lo Output Current 


Is Supply Current . 


www.national.com 


Conditions 


Vt = 5V 
R, = 2 kQ to 2.5V 


Vt = 5V 
R. = 6002 to 2.5V 


Vt = 15V 
R. = 2 kQ to 7.5V 


Vt = 15V 
R,. = 600 to 7.5V 


V* = 5V 
Sourcing, Vo = OV 
Sinking, Vo = 5V 


V+ = 15V 
Sourcing, Vo = OV 
Sinking, Vo = 13V 
(Note 10) 

All Four Amplifiers 
Vo = 1.5V 
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Typical | LMC6034I 
(Note 6) 


4.20 
4.00 


0.25 
0.35 


4.00 
rae 
0.63 
P| 
14.63 13.50 © 
| oe 
0.45 
P| ts 
13.90 12.50 
0.79 1.45 
| 
22 13 
tigre aaithncol 
21 13 
rial ec fir 
40 23 
ae 


39 23 | 
15 


| 1.5 2.7 
3.0 


~ Units 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T 'y = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, 
V- = GND = OV, Voy = 1.5V, Vout = 2.5V, and R, > 1M unless otherwise specified. 


VEOSOINT 













™ ~~ . 
SR Slew Rate (Note 8) V/us 
min 
GBW__| Gain-Bandwicth Product Ce ee es 
éu___| Phase Margin a et a 
Gye _| Gain Margin i aeectrtentecene [SC~«~S:C“‘(‘é 
Amp-to-Amp Isolation es ee: 
THD Total Harmonic Distortion = 10 kHz, Ay = -10 
i. 2 kQ, Vo = 8 Vpp 0.01 % 
+5V Supply 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings indicate conditions for which the device 
is intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Tymax), 9ya, Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 
(Ty(maxy—T)/8ya- 

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 

Note 7: V* = 15V, Voy = 7.5V, and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred. V* = 15V and Ry = 10 kQ connected to V*/2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 10: Do not connect output to V*, when V* is greater than 13V or reliability may be adversely affected. 

Note 11: For operating at elevated temperatures the device must be derated based on the thermal resistance 6, with Pp = (Ty — Ta)/@ya. 
Note 12: All numbers apply for packages soldered directly into a PC board. 
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LMC6035/LMC6036 





LMC6035/LMC6036 
Low Power 2.7V Single Sup 
Amplifiers 


General Description 


The LMC6035/6 is an economical, low voltage op amp ca- 
pable of rail-to-rail output swing into loads of 600Q. 
LMC6035 is available in a chip sized package (8-Bump mi- 
cro SMD) using National’s micro SMD package technology. 
Both allow for single supply operation and are guaranteed 
for 2.7V, 3V, 5V and 15V supply voltage. The 2.7 supply volt- 
age corresponds to the End-of-Life voltage (0.9V/cell) for 
three NiCd or NiMH batteries in series, making the 
LMC6035/6 well suited for portable and rechargeable sys- 
tems. It also features a well behaved decrease in its specifi- 
cations at supply voltages below its guaranteed 2.7V opera- 


tion. This provides a “comfort zone” for adequate operation . 


at voltages significantly below 2.7V. Its ultra low input cur- 
rents (I,,,) makes it well suited for low power active filter ap- 
plication, because it allows the use of higher resistor values 


~ and lower capacitor values. In addition, the drive capability of 


the LMC6035/6 gives these op amps a broad range of appli- 
cations for low voltage systems. 


Connection Diagrams 


8-Pin SO/MSOP 






OUTPUT A 


INVERTING _2 
INPUT A 


NON-INVERTING _2 
(INPUT 


OUTPUT B 


INVERTING 
INPUT B 
NON-INVERTING 
INPUT B 


DS012830-1 


Top View 


14-Pin SO/TSSOP 





DS012830-2 


Top View 
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National Semiconductor 


ply valet Operational ° 


Features 


(Typical Unless Otherwise Noted) 

LMC6035 in micro SMD Package 

Guaranteed 2.7V, 3V, 5V and 15V Performance 

Specified for 2 kQ and 600Q Loads 

Wide Operating Range: 2.0V to 15.5V 

Ultra Low Input Current: 20 fA 

Rail-to-Rail Output Swing 

@ 600Q: 200 mV from either rail at 2.7V 

@ 100 kQ: 5 mV from either rail at 2.7V 

High Voltage Gain: 126dB 

m Wide Input Common-Mode Voltage Range 
-0.1V to 2.3V at Vs = 2.7V 

= Low Distortion: 0.01% at 10 kHz 

m™ LMC6035 Dual LMC6036 Quad 


Applications 

m Filters 

m™ High Impedance Buffer or Preamplifier | 
m Battery Powered Electronics 

= Medical Instrumentation 


8-Bump micro SMD 


OUTPUT A OUTPUT B 


INVERTING 
INPUT B 


INVERTING 
INPUT A 


NON~INVERTING 
INPUT B 


NON~INVERTING 
INPUT A 





DS012830-65 


Top View 
(Bump Side Down) 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 


please contact the National Semiconductor Sales 
Distributors for availability and specifications. 


Storage Temperature Range —65°C to +150°C 


ESD Tolerance (Note 2) 
Human Body Model 
Machine Model 

Differential Input Voltage 

Supply Voltage (V* - V>) 

Output Short Circuit to V * 

Output Short Circuit to V ~ 

Lead Temperature (soldering, 10 sec.) 

Current at Output Pin 

Current at Input Pin 

Current at Power Supply Pin 


Junction Temperature (Note 4) 150°C 
Office/ 
Operating Ratings (note 1) 
Supply Voltage 2.0V to 15.5V 
3000V Temperature Range 
300V LMC6035! and LMC6036lI -40°C < T , < +85°C 
+ Supply Voltage Thermal Resistance (8 j,) 
16V MSOP, 8-pin Mini Surface Mount 230°C/W 
(Note 8) M Package, 8-pin Surface Mount 175°C/W 
(Note 3) M Package, 14-pin Surface Mount 127°C/W 
260°C MTC Package, 14-pin TSSOP 137°C/W 
+18 mA BP, 8-Bump micro SMD Package 220°C/W 
+5 mA 
35 mA 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = 1.0V, Vo = 


Boldface limits apply at the temperature extremes. 








1.385V and R, > 1 MQ. 


LMC6035I 
Limit (Note 6) 
Vos Input Offset Voltage mV 
TCVos Input Offset Voltage uv/'C 
a a a 
Lin Input Current (Note 11) pA 
los Input Offset Current (Note 11) pA 
CMRR Common Mode 0.7V < Voy < 12.7V 63 dB 
+PSRR Positive Power Supply 5V < Vt < 15V, 63 dB 
—PSRR Negative Power Supply OV <V- < -10V 74 dB 
Vom Input Common-Mode Vt =2.7V —0.1 0.3 V 
Voltage Range For CMRR 2 40 dB max 
2.3 2.0 V 
Vt = 3V -0.3 0.1 V 
For CMRR 2 40 dB max 
2.6 23 V 
Vt = 5V -0.5 -0.2 V 
For CMRR 2 50 dB max 
4.5 4.2 V 
Vt = 15V -0.5 —0.2 V 
For CMRR 2 50 dB max 
14.0 V 
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LMC6035/LMC6036 


DC Electrical Characteristics (continueg) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Vt = 2.7V, V~ = OV, Vow = 1.0V, Vo = 1.35V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. . 3 a 


- LMC60351 
LMC6036! 
Limit (Note 6) 


R, = 600Q Sourcing 1000 100 ~~ VimV 
Sinking 250 25 V/mV 


_ [Sinking [800 [Viv 


Vo Output Swing Vt=2.7V : 2.0 - V 
R _ = 600Q to 1.35V min 
Vt=2.7V : V 
R , = 2 kQ to 1.35V min 
| V 
| : max 
Vt=15V V 
R ,_ = 600Q to 7.5V : min 
V 
: max 
Vt+= 15V 14.8 14.2 V 
| R, =2kQ to 7.5V min 
0.12 0.4 V 
lo 


Vo =2.7V Sinking 
Is Supply Current LMC6035 for Both Amplifiers 1.6 mA 
LMC6036 for All Four Amplifiers 1. 2.7 mA 






-| 
< 
Ss 


Symbol Parameter Conditions (Note 5) 





Ay 





Large Signal Voltage Gain 
(Note 7) 






oO Nn 
De) oO 
oo 
No 
3 < 
x 











min 
3 mA 


: 
3 
> 


5 
0.65 





EE 
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AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V- = OV, Voy = 1.0V, V 5 = 1.35V and R, > 
1 MQ. Boldface limits apply at the temperature extremes. 





9EDSDINT/SEO9OWNT 


Symbol Parameter Conditions Units 
cA Vins 
CBW MHZ 
Gn PGainWargn CdS SOC™~—SSCSCS aB 


Amp-to-Amp Isolation (Note 10) 130 dB 





—. ae 
f “Ni ALO 









e, Input-Referred Voltage Noise 27 nVv/VvHz 
in Input Referred Current Noise f = 1 kHz 0.2 fA/VHz 
THD Total Harmonic Distortion f = 10 kHz, Ay = -10 

R L= 2 kQ, Vo = 8 Vpp 0.01 % 






Vt=10V 
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of 30 mA over long term may adversely affect reliabilty. 





Note 4: The maximum power dissipation is a function of Tjmax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (TJmax) 
-T,)/6 ya. All numbers apply for packages soldered directly onto a PC board with no air flow. 


Note 5: Typical Values represent the most likely parametric norm or one sigma value. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 15V, Voy = 7.5V and R ; connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 3.5V < Vo < 7.5V. 
Note 8: Do not short circuit output to Vt when V* is greater than 13V or reliability will be adversely affected. 

Note 9: V* = 15V. Connected as voltage follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 10: Input referred, V * = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 12 Vpp. 

Note 11: Guaranteed by design. 
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LMC6041 


National Semiconductor 


LMC6041 


CMOS Single Micropower Operational Amplifier — 


General Description 


‘Ultra-low power consumption and low input-leakage current 


~ m Low supply current: 


Features 
14.pA (Typ) 


are the hallmarks of the LMC6041. Providing input currents ™ Operates from 4.5V to 15.5V single supply 
of only 2 fA typical, the LMC6041 can operate from a single == Ultra low input current: 2 fA (Typ) 
supply, has output swing extending to each supply rail, and =m =Rail-to-rail output swing 
an input voltage range that includes ground. m Input common-mode range includes ground 
The LMC6041 is ideal for use in systems requiring ultra-low 
power consumption. In addition, the insensitivity to latch-up, Applications 
high output drive, and output swing to ground without requir- : i oh ees 
ing external pull-down resistors make it ideal for ™ Battery monitoring and power conditioning 
Other applications for the LMC6041 include bar code reader ™ Silicon based transducer systems 
amplifiers, magnetic and electric field detectors, and ™ Hand-held analytic instruments 
hand-held electrometers. ~~’ pH probe buffer amplifier 
This device is built with National's advanced Double-Poly ™ Fire and smoke detection systems 
Silicon-Gate CMOS process. m Charge amplifier for piezoelectric transducers 
See the LMC6042 for a dual, and the LMC6044 for. a quad 
amplifier with these features. 
Connection Diagram 

8-Pin DIP/SO 


INVERTING INPUT 


NON-INVERTING 
INPUT 


V- 





DS011136-1 


Low-Leakage Sample and Hold 


INPUT 


S/H 
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a 


OUTPUT 





0.1 wF POLYPROPYLENE 


OR POLYSTYRENE 


DS011136-14 


1-156 


Absolute Maximum Ratings (Note 1) Current at Output Pin +18 mA 

If Military/Aerospace specified devices are required, Current at Power Supply Pin 35 mA 

please contact the National Semiconductor Sales Office/ Voltage at Input/Output Pin (V*) + 0.3V, (V7) - 0.3V 

Distributors for availability and specifications. Power Dissipation (Note 3) 

Differential Input Voltage +Supply Voltage 5 = 

Supply Voltage (V* — V>) 16V Operating Ratings 

Output Short Circuit to V~ (Note 2) Temperature Range 

Output Short Circuit to V* (Note 11) LMC6041Al, LMC60411 -40°C < T, < +85°C 

Lead Temperature Supply Voltage 4.5V < V* < 15.5V 
(Soldering, 10 sec.) 260°C Power Dissipation (Note 9) 

Storage Temperature Range -—65°C to +150°C Thermal Resistance (6,,) (Note 10) 

Junction Temperature 110°C 8-Pin DIP 101°C/W 

ESD Tolerance (Note 4) 7 500V 8-Pin SO 165°C/W 

Current at Input Pin +5 mA 


Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V- = OV, Vom = 1.5V, Vo = V*/2, and R, > 1M unless otherwise specified. 








Symbol Parameter Conditions (Note 5) Limit Limit (Limit) 
ee | 
Input Offset Voltage mV 
TCVos | Input Offset Voltage uV/’C 
== eee a 
Is Input Bias Current 0.002 pA 
Input Offset Current 0.001 pA 
Rin ee ee Terad 
CMRR_ | Common Mode OV < Vom S$ 12.0V dB 
+PSRR | Positive Power Supply 5V< Vis 15V dB 
—PSRR peaaiNe Power Supply | OV<V~ <-10V dB 
CMR Input Common-Mode V* = 5V and 15V -0.1 -0.1 V 
Voltage Range for CMRR = 50 dB ere max 
— 1.9V — 2.3V —2.3V V 
Ay Large Signal R, = 100 kQ (Note 7) Sourcing 1000 V/mV 
Sinking 180 V/mV 
R, = 25 kQ (Note 7) Sourcing 1000 100 V/mV 
Sinking 100 V/mV 
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LMC6041 


Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V- = OV, Vom = 1.5V, Vo = V*/2, and R, > 1M unless otherwise specified. ee wees . oy, a) 


Symbol Parameter Conditions | (Note 5) Limit — Limit | (Limit) 
Vo _| Output Swing Vt = 5V 4.987 4.970 4.940 V 
| 3 0.004 0.030 0.060 Vv 
4.980 4.920 4.870 V 
4.820 min 

0.010 0.080 0.130 V 
0.180 max 

14.970 14.920 14.880 V 
14.820 min 

0.007 0.030 0.060 V 
0.090 max 

14.950 14.900 14.850 V 
14.800 min 

0.022 0.100 0.150 V 
0.200 max 
Isc Output Current Sourcing, Vo = OV 22 16 13 mA 

3 





Vt = 5V 
R, = 25 kQ to V*/2 


V+ = 15V 
R, = 100 kQ to V*/2 


V+ = 15V 
R, = 25 kQ to V*/2 





oh 





21 mA 
Isc Output Current Sourcing, Vo = OV 40 15. 15 mA — 
Sinking, Vo = 13V 39 24 21 mA 
Is Supply Current Vo = 1.5V 14 20 26 UA 
Vt = 15V 18 26 34 yA 
. 31 39 max 





AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V" = OV, Vom = 1-.5V, Vo = V*/2, and R, > 1M unless otherwise specified. 


Typ LMC6041Al LMC60411 Units 
Symbol Parameter Conditions (Note 5) Limit Limit (Limit) | 
(Note 6) (Note 6) 
| 0 


2° 
oOo Oo 
— aa 9 
oO vo 


Total Harmonic 














= 1 kHz, Ay = -5 
R_ = 100 kQ, Vo = 2 Vpp 
+5V Supply 


Distortion % 


y 

SR Slew Rate (Note 8) .02 0.010 V/us 
Gow | CanBanawanPoad [SSCS tz 
in| Phase Margin | ees Deg 
e, Input-Referred F = 1 kHz 83 nV/VHz 

a a ee 
in Input-Referred F = 1 kHz 0.0002 pA/VHz 

fom fe 

| _ 


www.national.com 1-158 


AC Electrical Characteristics (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating conditions indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 110°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of T ymax), 89ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax) 


Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 7: V* = 15V, Voy = 7.5V and R,_ connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vg < 7.5V. 

Note 8: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified in the slower of the positive and negative sieéw rates. 
Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 6), with Pp = (Ty - Ta)/®ya. 
Note 10: All numbers apply for packages soldered directly into a PC board. 

Note 11: Do not connect output to V+ when V* is greater than 18V or reliability may be adversely affected. 
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LMC6042 


National Semiconductor 


LMC6042 | 7 | 
CMOS Dual Micropower Operational Amplifier 


General Description Features 


Ultra-low power consumption and low input-leakage current ™ Low supply current: 10 yA/Amp (typ) 

are the hallmarks of the LMC6042. Providing input currents ™ Operates from 4.5V to 15V single supply 

of only 2 fA typical, the LMC6042 can operate from a single == Ultra low input current: 2 fA (typ) 

supply, has output swing extending to each supply rail, and —@ _Rail-to-rail output swing 

an input voltage range that includes ground. m Input common-mode range includes ground 
The LMC6042 is ideal for use in systems requiring ultra-low | - 
power consumption. In addition, the insensitivity to latch-up, Applications 


high output drive, and output swing to ground without requir- es shes 
ing external pull-down resistors make it ideal for = Battery monitoring and power conditioning 


single-supply battery-powered systems. m Photodiode and infrared detector preamplifier 
m Silicon based transducer systems 

Hand-held analytic instruments 

DH probe buffer amplifier 

Fire and smoke detection systems 

Charge amplifier for piezoelectric transducers 


Other applications for the LMC6042 include bar code reader 
amplifiers, magnetic and electric field detectors, and 
hand-held electrometers. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

See the LMC6041 for a single, and the LMC6044 for a quad 
amplifier with these features. 


Connection Diagram 


8-Pin DIP/SO 


OUTPUT A yt 


INVERTING INPUT A OUTPUT B 


INVERTING 
INPUT B 


NON-INVERTING 
INPUT B 


NON-INVERTING 
INPUT A 


V 





DS011137-1 


Low-Power Two-Op-Amp Instrumental Amplifier 
100, 
Gain 
Trim 








1910 





10k, 0.1% 
10k, 0.1% 






CMPR 


V + 1/2V 
Trim CM / 7 






DS011137-13 


www.national.com 1-160 








rr 
Absolute Maximum Ratings (Note 1) Storage Temperature Range ~65°C to +150°C = | 
If Military/Aerospace specified devices are required, Junction Temperature (Note 3) 110°C = | 
please contact the National Semiconductor Sales Office/ ESD Tolerance (Note 4) 500V ND 
Distributors for availability and specifications. Voltage at Input/Output Pin (V+) + 0.3V, (V-) - 0.3V 
Differential Input Voltage +Supply Voltage = ; 
Supply Voltage (V* — V>) 16V Oper ating Ratings 
Output Short Circuit to V* (Note 12) Temperature Range 
Output Short Circuit to V~ (Note 2) LMC6042AI, LMC6042!I -40°C < T, < +85°C 
Lead Temperature Supply Voltage 4.5V <Vt<15.5V 
(Soldering, 10 seconds) 260°C Power Dissipation (Note 10) 
Current at Input Pin +5 mA Thermal Resistance (8,), (Note 11) 
Current at Output Pin +18 mA 8-Pin DIP 101°C/W 
Current at Power Supply Pin 35 mA 8-Pin SO 165°C/W 
Power Dissipation (Note 3) 


Electrical Characteristics 


Unless otherwise spec ified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V7 = OV, Vom = 1.5V, Vo = V*/2 and R, > 1M unless otherwise specified. 


Typical |LMC6042AI | LMC6042!I Units 
Symbol Parameter Conditions (Note 5) Limit Limit (Limit) 
(Note 6) (Note 6) 


Input Offset Voltage aes 
TCVos Input Offset Voltage win C 
is | InputBias Curent | SSCS ee 
los | Input Offset Ourent [| SSCS ee ee 
Riv | Input Resistance [| SSCS RE (SN WR 
CMRR es Mode OV < Vom < 12.0V dB 
+PSRR | Positive Power pou 5V<Vt< 15V dB 
—PSRR nese Power Supply OV< V <-10V dB 
CMR Input Common-Mode V* = 5V and 15V - —0.1 V 

Voltage Range For CMRR 2 50 dB lee Max 





0.1 
-— 2.3V — 2.3V V 
Sourcing V/mV 
Sinking 180° V/mV 
R, = 25 kQ (Note 7) Sourcing 1000 100 V/mV 
Sinking 100 V/mvV 


Ay 









Large Signal R, = 100 kQ (Note 7) 





Voltage Gain 
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Electrical Characteristics (Continued) | 


Unless otherwise spec ified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V~ = OV, Vom = 1-5V, Vo = V*/2 and R, > 1M unless otherwise specified. . Oe ae Sg pee 


LMC6042 





















































‘Typical |LMC6042AI | LMC60421 | Units 
Symbol Parameter | Conditions (Note 5) Limit =|. Limit © | — (Limit) 
Vo Output Swing Vt = 5V 4.987 4.970 4.940 Vv 
0.004 0.030 | 0.060 V 
V+ = 5V 4.980 4.920 4.870 We: 
| 0.010 0.080 0.130 V 
Vt = 15V 14.970 14.920 14.880 Ve 
0.007 0.030 0.060 V 
V* = 15V 14.950 14.900 | 14.850 V 
0.022 0.100 0.150 Vo 
Isc Output Current Sourcing, Vo = OV 22 16 13 mA — 
Sinking, Vo = 5V 21 16 13 - mA .. 
Isc Output Current Sourcing, Vo = OV | 40 15 15 - mA | 
Sinking, Vo = 13V 39 mA 







(Note 12) 


Both Amplifiers 
Both Amplifiers 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. Vt = _ 
5V, V" = OV, Vom = 1.5V, Vo = V*/2 and R,_ > 1M unless otherwise specified. 


Typ LMC6042I | Units 
Limit Limit (Limit) 
02 0.015 0.010 V/s 
0.007 Min 


0 


Min 


Supply Current UA 


w I) 
pe 
oa i) 
oal|? = 
= 
ie) 
x 


20 
26 UA 
Max 


oa sf 
= 5 
oO oO 
or O® 










Symbol 


— 
za 
1o) 
toma 
MO 
O1 

— 


Parameter Conditions 





SR Slew Rate (Note 8) 


GBW Gain-Bandwidth Product Nee 2 ee 


0 
1 





i o | | +i te 
om ee ee ee 
FAmp-to-Amp isolation | (Notes) S| ts |S YSSC*dSCi‘i 
* |Wopence fT 
Voltage Noise 
Current Noise 
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AC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V~ = OV, Vom = 1-5V, Vo = V*/2 and R, > 1M unless otherwise specified. 










Typ LMC6042AI | LMC6042I 


(Note 5) Limit Limit 
(Note 6) (Note 6) 


po ff 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Conditions indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowed 
junction temperature of 110°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Ty(Max), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Tmax) 
Note 4: Human body model, 1.5 kQ in series with 100 pF. 
Note 5: Typical values represent the most likely parametric norm. 








Parameter Conditions 









Total Harmonic Distortion 





f= 1kHz, Ay =-5 
Ry. = 100 kQ, Vo = 2 Vpp 
+5V Supply 






Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 7: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred Vt = 15V and R, = 100 kQ connected to V*/2. Each amp excited in turn with 100 Hz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 65, with Pp = (Ty — Ta)/®ya. 
Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: Do not connect output to V*when V* is greater than 13V or reliability may be adversely affected. 
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LMC6044 


AY vational Semiconductor 


LMc6044 


CMOS Quad Micropower Operational Amplifier 


General Description 


Ultra-low power consumption and low input-leakage current 
are the hallmarks of the LMC6044. Providing input currents 
of only 2 fA typical, the LMC6044 can operate from a single 
supply, has output swing extending to each supply rail, and 
an input voltage range that includes ground. 


The LMC6044 is ideal for use in systems requiring ultra-low 
power consumption. In addition, the insensitivity to latch-up, 
high output drive, and output swing to ground without requir- 
ing external pull-down resistors make it ideal for 
single-supply battery-powered systems. 


Other applications for the LMC6044 include bar code reader 
amplifiers, magnetic and electric field detectors, and 
hand-held electrometers. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 

See the LMC6041 for a single, and the LMC6042 for a dual 
amplifier with these features. 


Connection Diagram 


Features 

m Low supply current: 10 wA/Amp (Typ) 

m Operates from 4.5V to 15.5V single supply 
m= Ultra low input current: 2 fA (Typ) 

@ Rail-to-rail output swing 

# Input common-mode range includes ground 


Applications 

m= Battery monitoring and power conditioning | 
Photodiode and infrared detector preamplifier 
Silicon based transducer systems 

Hand-held analytic instruments 

pH probe buffer amplifier 

Fire and smoke detection systems 

Charge amplifier for piezoelectric transducers 


14-Pin DIP/SO 


12 


i 
< 


| 2 3 


10 


> 


5 6 7 
DS011138-1 


Instrumentation Amplifier 





LMC6044 


pI 


R1,44.2k 
RS, 44.2k 


R2 
10k pot $ 


= 
z 


LMC6044 
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R3 R4 











91k 20k pot 





DS011138-15 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature Range 
Junction Temperature (Note 3) 
ESD Tolerance (Note 4) 
Voltage at I/O Pin (V*) 


Differential Input Voltage 
Supply Voltage (V* — V>) 
Output Short Circuit to V* 
Output Short Circuit to V~ 
Lead Temperature 
(Soldering, 10 sec.) 
Current at Input Pin 
Current at Output Pin 
Current at Power Supply Pin 


“Supply Vor Operating Ratings 
(Note 12) Temperature Range 
(Note 2) LMC6044Al, LMC60441 
Supply Voltage 

260°C Power Dissipation 

+5 mA Thermal Resistance (8,,), (Note 11) 
+18 MA 14-Pin DIP 

35 mA 14-Pin SO 
(Note 3) 


Power Dissipation 


Electrical Characteristics 


~—65°C to +150°C 
— 110°C 
500V 


+0.3V, (V~) -0.3V 


-~40°C < T, < +85°C 
4.5V <V+< 15.5V 
(Note 10) 


85°C/W 
115°C/W 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V~ = OV, Voy = 1-5V, Vo = V*/2, and R, > 1M unless otherwise specified. 


Input Offset Voltage 
TCVos | Input Offset Voltage 
poueee Drift 


Input Offset Current 


Rin Input Resistance 
CMRR Common Mode OV < Voy < 12.0V 
Rejection Ratio = 15V 


+PSRR | Positive Power Supply 5V < Vi < 15V 
Rejection Ratio Vo = 2.5V 


OV <V- 
Vo = 2.5V 


< -10V 


-—PSRR | Negative Power Supply 
Rejection Ratio 









CMR Input Common-Mode V* = 5V & 15V 
Voltage Range For CMRR 2 50 dB 
Ay Large Signal R, = 100 kQ (Note 7) 






Voltage Gain 


R, = 25 kQ (Note 7) 
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Typical 
(Note 5) 





0.002 


0.001 


>10 








0.1 
*—1.9V — 2.3V 

* ~ 2.5V 
180 
100 


1000 


LMC6044AI 
Limit 
(Note 6) 


LMC6044I 
Limit 
(Note 6) 


Units 
(Limit) 


mV 
max 
uVv/C 


pA 
max 
pA 
max 
TeraQ 
dB 
min 
dB 
min 
dB 
min 
—0. 
max 
— 2.3V V 
- 2.4V 


min 
V/mV 
min 
V/mV 
min 
V/mV 
min 
V/mV 
min 


1 
100 


www.national.com 


vrogsoWt 








LMC6044 


Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the lempetatute extremes. Vrs 
5V, V~ = OV, Voy = 1.5V, Vo = V*/2, and R, > 1M unless otherwise specified. 


Typical |LMC6044AI LMC6044I ~ Units 


Symbol Parameter | Conditions (Note 5) Limit Limit tnt): | 
Vo Output Swing V+ = 5V 4.987 4.970 4.940 
0.004 0.030 0.060 V 
V+ = 5V 4.980 4.920 4.870 V 
0.010 0.080 0.130 V 
V+ = 15V 14.970 14.920 14.880 V 
0.007 0.030 0.060 V 
V+ = 15V 14.950 14.900 14.850 V 
0.022 0.100 0.150 V 
Isc Output Current Sourcing, Vo = OV 22 16 13 — mA 
Sinking, Vo = 5V 21 16 13 mA 
Isc Output Current Sourcing, Vo = OV 40 15 15 mA 
| et - = 13V 39 24 21 mA | 
Is Supply Current — oe UA 
Four Armoliters YA. 


AC Electrical Characteristics 


ee Sa pagina all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
V~ = OV, Vom = Vo = V*/2, and R, > 1M eee “otherwise peu 


Symbol Parameter (Note 5) pas Pie (Limit) 
se 
SR Slew Rate (Note 8) ° 01 - 7 01 = V/us 
GBW | GainBandwidh Product | ———S~Ss~—CSCiOSTSYS*dYCC 


im | Phase Margin ieee Ma IS Deg 
Amp-to-Amp Isolation eB 


eee eS eee ees 
aia as 

e, Input-Referred = 1 kHz nV/VHz 
ee 

in Input-Referred = 1 kHz 0.0002 pA/VHz 
ot | 
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AC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V~ = OV, Voy = 1.5V, Vo = V*/2, and R, > 1M unless otherwise specified. 


LMC6044Al LMC60441! 
Parameter Limit Limit 
(Note 6) (Note 6) 





progoW 





Total Harmonic = 1 kHz, Ay = -5 
Distortion 4 = 100 kQ, Vo = 2 Vp, 0.01 
+5V Supply 


Note 1: Absolute Maximum Ratings indicate limts beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 110°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Tmax), 9ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
— Ta)/8 ja. 

Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 7: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V*t = 15V. Connected as Voltage Follower with 10V step input. Number specified in the slower of the positive and negative slew rates. 
Note 9: Input referred V* = 15V and Ry = 100 kQ connected to V*+/2. Each amp excited in turn with 100 Hz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures, the device must be derated based on the thermal resistance 8), with Pp = (Ty — T,a)/@Ja. 
Note 11: All numbers apply for packages soldered directly into a PC poard. 

Note 12: Do not connect output to V* when V* is greater than 13V or reliability may be adversely affected. 
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LMC6061 


JNational Semiconductor 





LMce061 
Precision CMOS Single Micropower Operational 
Amplifier 


General Description p32  m Low offset voltage: 100 pV 


-  Ultral ly current: 20 pA: 
The LMC6061 is a precision single low offset voltage, mi- e eNOW SUBD Curt Ou 


cropower operational amplifier, capable of precision single = Operates u mi =oN to. 15 Single supply 

supply operation. Performance characteristics include ultra ™ Ultra low input bias current: 10 fA 

low input bias current, high voltage gain, rail-to-rail output © ™ Output swing within 10 mV of supply rail, 100k load 
swing, and an input common mode voltage range that in- | ™ Input common-mode range includes V- 

cludes ground. These features, plus its low power consump- _™ High voltage gain: 140 dB 

tion, make the LMC6061 ideally suited for battery Sis m Improved latchup immunity 

applications. 


Other applications using the LMC6061 include precision Applications 
full-wave rectifiers, integrators, references, sample-and-hold 
circuits, and true instrumentation amplifiers. 


This device is built with National’s advanced double-Poly 
Silicon-Gate CMOS process. 


For designs that require higher speed, see the LMC6081 
precision single operational amplifier. 


For a dual or quad operational amplifier with similar features, 
see the LMC6062 or LMC6064 respectively. 


PATENT PENDING 


@ Instrumentation amplifier 

m Photodiode and infrared detector preamplifier 
m™ Transducer amplifiers 

m Hand-held analytic instruments 

® Medical instrumentation 

= D/A converter 

m= Charge amplifier for piezoelectric transducers 


Features 
(Typical Unless Otherwise Noted) 


Connection Diagram Stee oes 
Distribution of LMC6061 


: Input Offset Voltage 
-Pin DIP/ 3 
z aed (T, = +25°C) 
NC ! 8 NC 570 Amplifiers from 3 Wafer Lots 
7 V+=5V 
INVERTING INPUT vi 5 
NON=INVERTING 3 pete 5 
INPUT : a 
v4 NC a 
DS011422-1 = 
Top View i 





-0.96 
-0.72 


co -~t 
+ ON 
7 = 


+ ON © 
ee, ha 
Sooo 8 


OFFSET VOLTAGE (mV) 
DS011422-15 
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- 
Absolute Maximum Ratings (Note 1) Current at Input Pin +10 mA = 
If Military/Aerospace specified devices are required, Current at Output Pin +30 mA 3 
please contact the National Semiconductor Sales Office/ Current at Power Supply Pin 40 mA = 
Distributors for availability and specifications. Power Dissipation (Note 3) 
Differential Input Voltage +Supply Voitage « : 
Voitage at Input/Output Pin (V*) +0.3V, Operating Ratings (Note 1) 

(V-) -0.3V Temperature Range 
Supply Voltage (V* — V°) 16V LMC6061AM -55°C <T, < +125°C 
Output Short Circuit to V* (Note 10) LMC6061 Al, LMC6082I -40°C < T, < +85°C 
Output Short Circuit to V- (Note 2) Supply Voltage 4.5V <V*< 15.5V 
Lead Temperature 260°C Thermal Resistance (0,4) (Note 11) 

(Soldering, 10 sec.) N Package, 8-Pin Molded DIP 115°C/W 
Storage Temp. Range -65°C to +150°C M Package, 8-Pin Surface Mount 193°C/W 
Junction Temperature 150°C Power Dissipation (Note 9) 

ESD Tolerance (Note 4) 2 kV 


DC Electrical Characteristics 


vag oe Varies all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V~ 
Vom = 1.5 .5V and R, > 1M unless otherwise ae 


LMC6061AM | LMC6061AI |LMC60611 
Symbol Parameter Conditions melee 9) Limit rae rote Units 
Input Offset Voltage 
7 eile Sill ES 
TCVog |} Input Offset Voltage a 
Fee aa a 
| te 


Rin | Input Resistance | Input Resistance | | Tera Q 
CMRR oman nee < EEE < 12.0V dB 
+PSRR | Positive Power Supply 5V < Vis 15V dB 
—PSRR Neootive Power Supply | OV < V- < -10V dB 

















Vom Input Common-Mode = 5V and 15V -0.1 -0.1 V 
Voltage Range for CMRR 2 60 dB i aw Max 
-1.9 - 2.3 - 2.3 - 2.3 V 
tae re a ST 
Ay Large Signal R, = 100 kQ 







50 35 Min 


Voltage Gain (Note 7) 


R. = 25 kQ 
(Note 7) 
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LMC6061 


DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface sins apply at the romper extremes. iis = BV, a 
= OV, Voy = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified.  . 















Typ LMC6061AM | LMC6061AI |LMC6061! 
| Symbol aoe . . Conditions as (Note 9) . Limit Limit . Limit Units © 
boos i = (Note 6) (Note 6) (Note 6). - a 





4. 995 4.990 4.990 A. 950 V 
0.010 0.010 ~0. 050 Vv 
4.990 4.975 4.975 4.950 V 
0.020 0.020 0.050 V 
14.990 14.975 14.975 14. ee V 
0.010 0.025 0. 025 0.050 Vv 
14. 2eP (14. 900 14. 900 14,850 Ty 

in 

0.050 0.050 0.100 | V 


Output Swing Vt = 5V : 
R, = 100 kQ to 2.5V 


Vt = 5V 
R, = 25 kQ to 2.5V 
V+ = 15V 
R, = 100 kQ to 7.5V 
V* = 15V | 
Ry = 25 kQ to 7.5V 











ro) 
Nh 
ol 


lo. - Output Current Sourcing, Vo = OV mA - 
Vt = 5V Min 

Sinking, Vo = 5V ~ mA) 

to Output Current Sourcing, Vo = OV mA 

Sinking, Vo = 13V mA - 

(Note 10) Min 
Is Supply Current Vt = +5V, Vo = 1.5V UA 
ie , Max 
* = +15V, Vo = 7.5V yA 





AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Boldface limits apply at the temperature extremes. Vt = BV, 
V~ = OV, Vem = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


Typ 
Symbol Parameter Conditions (Note 5) 


_ 


GBW | Gain-Bandwidth Product ————- 






LMC6061AM | LMC6061AI | LMC60611 
Limit Limit Units 
(Note 6) (Note 6) | 





— T.H.D. Total Harmonic Distortion = 1 kHz, Ay = -5 
ies = 100 kQ, Vo = 2 Vpp 


+5V Supply 
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AC Electrical Characteristics (continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 





4+9099DW1 


Note 2: Applies to both single-supply and split-supply operation. Continous short circuit operation at elevated ambient temperature can result in exceeding the maxi- 
mum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 





Note 3: The maximum power dissipation is a function of Ty(Max), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Tymax) 

— Ta)/8ya- | 
Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. | 
Note 6: All limits are guaranteed by testing or statistical analysis. ! 
Note 7: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. | 
Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 8), with Pp = (Ty-Ta)/®ya. 

Note 10: Do not connect output to V*, when V* is greater than 13V or reliability witl! be adversely affected. 

Note 11: All numbers apply for packages soldered directly into a PC board. 

Note 12: For guaranteed Military Temperature Range parameters see RETSMC6061X. 
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LMC6062 


AY Nationa Semiconductor 


LMC6062 
Precision CMOS Dual Micro 


General Description 
The LMC6062 is a precision dual low offset voltage, mi- 


cropower operational amplifier, capable of precision single 


supply operation. Performance characteristics include ultra 
low input bias current, high voltage gain, rail-to-rail output 
swing, and an input common mode voltage range that in- 
cludes ground. These features, plus its low power consump- 


tion, make the LMC6062 ideally suited for battery powered | 


applications. 

Other applications using the LMC6062 include precision 
full-wave rectifiers, integrators, references, sample-and-hold 
circuits, and true instrumentation amplifiers. 

This device is built with National’s advanced double-Poly 
Silicon-Gate CMOS process. 

For designs that require higher speed, see the LMC6082 
precision dual operational amplifier. 

PATENT PENDING 


Connection Diagram 


power earth Amplifier 


Features 


(Typical Unless Otherwise Noted) 

= Low offset voltage 100 LV 

= Ultra low supply current 16 yA/Amoplifier 

Operates from 4.5V to 15V single supply 

Ultra low input bias current 10 fA 

Output swing within 10 mV of supply rail, 100k load 
Input common-mode range includes V~ 

High voltage gain 140 dB 

Improved latchup immunity 


Applications 

= Instrumentation amplifier 

m Photodiode and infrared detector preamplifier 
m Transducer amplifiers 

m@ Hand-held analytic instruments 

m Medical instrumentation 

m D/A converter 

m= Charge amplifier for piezoelectric transducers 


8-Pin DIP/SO 


OUTPUT A 


INVERTING INPUT A 


NON-INVERTING 
INPUT A 


v- 





yr 


OUTPUT B 


INVERTING INPUT B 


NON-INVERTING 
INPUT B 


DS011298-1 


Top View 


Ordering Information 
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Joma | ~~ Temperature Range sid 
Drawing 
-55°C to +125°C -40°C to +85°C 

8-Pin LMC6062AMN LMC6062AIN 
cm pati See ee | 
8-Pin LMC6062AIM MO8A Rail 
frac | ———___fwcmecne || rape an ee 
8-Pin LMC6062AMJ/883 JO8A 
ceameoe [em 






Transport 
Media 
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Absolute Maximum Ratings (Note 1) Current at Input Pin +10 mA 
If Military/Aerospace specified devices are required, Current at Output Pin +30 mA 
please contact the National Semiconductor Sales Office/ Current at Power Supply Pin 40 mA 
Distributors for availability and specifications. Power Dissipation (Note 3) 
Differential Input Voltage +Supply Voltage . 2 
Voltage at Input/Output Pin (V+) +0.3V, Operating Ratings (note 1) 

(V-) -0.3V Temperature Range 
Supply Voltage (V* - V>) 16V LMC6062AM -55°C <T, < +125°C 
Output Short Circuit to V* | (Note 11) LMC6062Al, LMC6082!I -40°C < T, < +85°C 
Output Short Circuit to V (Note 2) Supply Voltage 4.5V < V* < 15.5V 
Lead Temperature Thermal Resistance (6,,) (Note 12) 

(Soldering, 10 sec.) 260°C 8-Pin Molded DIP 115°C/W 
Storage Temp. Range —65'C to +150°C 8-Pin SO 193°C/W 
Junction Temperature 150°C Power Dissipation (Note 10) 
ESD Tolerance (Note 4) 2 kV 


DC Electrical Characteristics 


ee alee = ate all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, 
Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise — 








LMC6062AM |LMC6062AlI | LMC6062I 
Limit imi Limit 
(Note 6) (Note 6) 
| Offset Voltage 350 350 


1200 900 
TCVos | Input incase Voltage 
Average Drift 
lp Input Bias Current 
los Input Offset Current 


CMRR Common Mode OVs ae < 12.0V 
+PSRR | Positive Power Supply 5V<V*< 15V 


Symbol Parameter a 5) 


0.010 


Max 
Tera Q 
dB 
Min 
dB 
Min 


Vv 
= 
° 
NON 
oa 
NON 
ek ET 


no) 
> 


ON 
oa 
“ON 
Noa 





-PSRR | Negative Power Supply | OV < V~ <-10V 84 84 74 dB 
Vom Input Common-Mode = 5V and 15V —0.1 -0.1 V 
Voltage Range for CMRR 2 60 dB aes Max 
- 1.9 - 2.3 -2.3 V* —2.3 V 
Ay Large Signal R, = 100 kQ | Sourcing 4000 300 V/imvV 


R, = 25 kQ Sourcing 3000 V/mV 
(Note 7) 150 150 80 Min 

Sinking 2000 100 100 70 V/mV 
35 50 35 Min 
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LMC6062 


DC Electrical Characteristics (Continued) 


‘Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. Vt 5V, 
V- = OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. . | . 


Typ |LMC6062AM |LMC6062AI | LMC60621 | 
Symbol Parameter | (Note 5) Limit Limit Limit | Units 
Ve Output Swing V+ = 5V | 4.995 | 4.990 4.990 4.950 vo 
0.005 0.010 0.010 | 0.050 V 
| 4.990 4.975 4.975 4.950 V 
0.010 0.020 0.020 0.050 V. 
14.990 14.975 14.975 14.950 V 
0.010 0.025 0.025 0.050 V 
14.965 14.900 14.900 14.850 . oa 
0.025 0.050 0.050 0.100 V 
lo Output Current Sourcing, Vo = OV © 22 16 6 1 mA 
Sinking, Vo = 5V 21 16 6 1 mA 
1 1 


3 
8 
6 
7 8 
5 5 5 mA 
4 4 
7 8 
6 
6 





Vt = 5V 
R, = 25 kQ to 2.5V 


Vt = 15V 
R, = 100 kQ to 7.5V 


Vt = 15V 
R, = 25 kQ to 7.5V 








lo Output Current Sourcing, Vo = OV 
Sinking, Vo = 13V 35 4 2 2 mA 
Is Supply Current Both Amplifiers 32 


1 
1 
1 
1 1 
2 
38 38 4 UA 

V* = +5V, Vo = 1.5V 60 46 5 Max 
Both Amplifiers 40 47 47 57 yA 
V* = +15V, Vo = 7.5V 70 55 66 Max 
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AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Boldface limits apply at the temperature extremes. V* = 5V, 
V- = OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


Typ LMC6062AM | LMC6062Al | LMC6062I 


C909OWN1 








Symbol Parameter (Note 5) Limit Limit Limit Units 
(Note 6) (Note 6) 
V/ms : 
Min | 





GBW Gain-Bandwidth Product ae ae ae kHz | 
a EST aa! eae a Se NN 

2 eee eee ee ee 

in| InputReferred GurrentNoise | F=1KHz __—*i|_o.cowa | «| ———S—S«d|~SSS—=*d CCA 


T.H.D. Total Harmonic Distortion = 1 kHz, Ay = -5 
é = 100 kQ, Vo =e Vpp % 
+5V Supply 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


SR Slew Rate (Note 8) 35 





Note 2: Applies to both single-supply and split-supply operation. Continous short circuit operation at elevated ambient temperature can result in exceeding the maxi- 
mum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of T ymax), 9ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (TJmax) 
— Ta)/®Ja- 

Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred V* = 15V and Ry = 100 kQ connected to 7.5V. Each amp excited in turn with 100 Hz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 6), with Pp = (Ty-Ta)/Oya. 
Note 11: Do not connect output to V*, when V* is greater than 13V or reliability witil be adversely affected. 

Note 12: All numbers apply for packages soldered directly into a PC board. 

Note 13: For guaranteed Military Temperature Range parameters, see RETSMC6062xX. 
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LMC6064 


National Semiconductor 


-LMC6064 


Precision CMOS Quad Micropower Operational Amplifier 


General Description 


The LMC6064 is a precision quad low offset voltage, mi- 
cropower operational amplifier, capable of precision single 
supply operation. Performance characteristics include ultra 


| low input bias current, high voltage gain, rail-to-rail output 
~ swing, and an input common mode voltage range that in- 


cludes ground. These features, plus its low power consump- 
tion make the LMC6064 ideally suited for battery powered 
applications. 

Other applications using the LMC6064 include precision 
full-wave rectifiers, integrators, references, sample-and-hold 
circuits, and true instrumentation amplifiers. 


This device is built with National’s advanced double-Poly 
Silicon-Gate CMOS process. 


For designs that require higher speed, see the LMC6084 
precision quad operational amplifier. 


For single or dual operational amplifier with similar features, 


~ gee the LMC6061 or LMC6062 respectively. 


PATENT PENDING 


Connection Diagram 


Features 


(Typical Unless Otherwise Noted) 

m= Low offset voltage: 100 UV. 

m@ Ultra low supply current: 16 yA/Amplifier - 

m™ Operates from 4.5V to 15V single supply _ 

@ Ultra low input bias current: 10 fA 

= Output swing within 10 mV of supply rail, 100k load 
# Input common-mode range includes V~ 

@ High voltage gain: 140 dB 

@ Improved latchup immunity 


Applications 

1 Instrumentation amplifier 

Photodiode and infrared detector preamplifier 
Transducer amplifiers 

Hand-held analytic instruments 

Medical instrumentation 

D/A converter 

Charge amplifier for piezoelectric transducers 


14-Pin DIP/SO 
ay, 


OUTPUT 1 


INVERTING INPUT 1 


NON-INVERTING INPUT 1 


V+ 


NON-INVERTING INPUT 2 


INVERTING INPUT 2 


OUTPUT 2 





OUTPUT 4 


INVERTING INPUT 4 


NON-INVERTING INPUT 4 


V- 


NON-INVERTING INPUT 3 


INVERTING INPUT 3 


OUTPUT 3 


DS011466-1 


Top View 


Low-Leakage Sample and Hold 


INPUT 


S/H 
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i 


OUTPUT 





0.1 wF POLYPROPYLENE 


OR POLYSTYRENE 


DS011466-13 
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Absolute Maximum Ratings (Note 1) Current at Input Pin +10 mA 
If Military/Aerospace specified devices are required, Current at Output Pin +30 mA 
please contact the National Semiconductor Sales Office/ Current at Power Supply Pin 40 mA 
Distributors for availability and specifications. Power Dissipation (Note 3) 
Differential Input Voltage +Supply Voltage = 2 
Voltage at Input/Output Pin (V*) +0.3V, Operating Ratings (Note 1) 

(V~) -0.3V Temperature Range 
Supply Voltage (V* - V>) 16V LMC6064AM -55°C < T, < +125°C 
Output Short Circuit to V* (Note 11) LMC6064AI, LMC60641 -40°C < T, < +85°C 
Output Short Circuit to V- (Note 2) Supply Voltage 4.5V < Vt < 15.5V 
Lead Temperature Thermal Resistance (8,,) (Note 12) 

(Soldering, 10 sec.) 260°C 14-Pin Molded DIP 81°C/W 
Storage Temp. Range -65'C to +150°C 14-Pin SO 126°C/W 
Junction Temperature 150°C Power Dissipation (Note 10) 
ESD Tolerance (Note 4) 2kV 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, 
V- = OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise ee 
Limit Limit 


Symbol Parameter Conditions ie 5) 
(Note 6) — 6) 


Input Offset Voltage 

H eciesa El ee EEO 
TCVos | Input Offset Voltage Wi Cc 

room | TTT 

I henson I Sl = 


| Input Resistance | | Input Resistance | 2 Q 
Guna eommen Mode Woe < Vom S$ 12.0V ss 4 —— dB 
+PSRR | Positive Power PUPPY 5V < Vis 15V 85 75 75 dB 
—~PSRR Negative Power Supply | 0V< V~ < -10V dB 


LMC60641 






LMC6064AM |LMC6064AI 










Units 













Vom Input Common-Mode = 5V and 15V ~0.1 —0.1 V 
Voltage Range for CMRR 2 60 dB ee Max 
V*-1.9 VF -2.3 V*-2.3 V* -2.3 V 
- 2.6 - 2.5 ~ 2.5 Min 
Ay Large Signal R,_ = 100 kQ 










Sourcing 4000 V/imV 
Sinking 3000 V/imV 
Sourcing 3000 400 400 200 V/mV 
Sinking 2000 | 100 70 V/imV 


Voltage Gain (Note 7) 


Ry. = 25 kQ 
(Note 7) 
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yS09DN1 


LMC6064 


DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at'the ie ace extremes. V* = 5V, 
V- = OV, Vom = 1-5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


_ Symbol Parameter 


Vo 





Output Swing 


lo Output Current 
V+ = 5V 


lo Output Current 
Vt = 15V 


ls Supply Current 


www.national.com 





Vt = 5V 


V* = 15V 





Conditions 





Vt=5V 
R, = 100 kQ to 2.5V 


R, = 25 kQ to 2.5V 


15V 
100 kQ to 7.5V 


R, = 25 kQ to 7.5V 


Sourcing, Vo = OV 


Sinking, Vo = 5V 


Sourcing, Vo = OV 


Sinking, Vo = 13V 
(Note 11) | | 
All Four Amplifiers 

= +5V, Vo = 1.5V 
All Four Amplifiers 

= +15V, Vo = 7.5V 


















Typ LMC6064AM |LMC6064AlI | LMC6064I 
(Note 5) Limit imi Limit 
(Note 6) (Note 6) 


4.995 4.990 7 990 4.950 
0.005 0.010 0.010 0.050 
4.990 4.975 4.975 4.950 
0.010 0.020 0.020 0.050 
14.990 14.975 14.975 14.950 
0.010 0.025 0.025 0.050 
14.965 14.900 14.900 14.850 
0.025 0.050 0.050 0.100 
Tre 
















114° 
110 


— 
(o>) 
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Units 


V 
Min 
V 
Max 


Min 
Max 
Min. 
Max 
Min 


Max 
mA 
Min 
mA 
Min 
mA 
Min 
mA 
Min 
uA 
Max 
TA 
Max 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Boldface limits apply at the temperature extremes. V* = 5V, 
V~- = OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise — 


LMC6064AM | LMC6064AI | LMC6064I 
Symbol ek es 5) Limit Limit Limit Units 
(Note 6) (Note 6) (Note 6) 
| 100 
fe0Oe =| 


im [Phase Magn | fod 
Amp-o-amp isciaton | Woe) ——SS—=~dSCS 
= et fetred votge ase [P= bee P08 
pater 


ySO9OWT 








Deg 
dB 





T.H.D. Total Harmonic Distortion = 1 kHz, Ay = -5 


a 100 kQ, Vo = 2 Vpp % 


+5V Supply 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continous short circuit operation at elevated ambient temperature can result in exceeding the maxi- 
mum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Ty(Max), 89ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
— Ta)/®Ja: 

Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Vt = 15V, Vox = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred V* = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turn with 100 Hz to produce Vo = 12 Vpp. 

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 63, with Pp = (Ty-Ta)/®ja. 
Note 11: Do not connect output to V*, when V* is greater than 13V or reliability wit!! be adversely affected. 

Note 12: All numbers apply for packages soldered directly into a PC board. 

Note 13: For guaranteed Military Temperature Range parameters see RETSMC6064X. 
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LMC6081 





LMC6081 


AY vationat Semiconductor 


Precision CMOS Single Operational Amplifier 


General Description 


The LMC6081 is a precision low offset voltage operational 
amplifier, capable of single supply operation. Performance 
characteristics include ultra low input bias current, high volt- 
age gain, rail-to-rail output swing, and an input common 
mode voltage range that includes ground. These features, 
plus its low offset voltage, make the LMC6081 ideally suited 


' for precision circuit applications. 


Other applications using the LMC6081 include precision 
full-wave rectifiers, | integrators, references, and 
sample-and-hold circuits. 


This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. | 
For designs with more critical power demands, see the 
LMC6061 precision micropower operational amplifier. 


_ For a dual or quad operational amplifier with similar features, 


see the LMC6082 or LMC6084 respectively. 
PATENT PENDING 


Connection Diagram 


8-Pin DIP/SO 
Nc = SNC 
2 Te 
INVERTING INPUT V 
NON- INVERTING 3 S outa 
4 5 
v NC 


DS011423-1 


Top View 
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Features 


(Typical unless otherwise stated) 

m Low offset voltage: 150 yV 

m Operates from 4.5V to 15V single supply 

m@ Ultra low input bias current: 10 fA 

= Output swing to within 20 mV of supply rail, 100k load 
m@ Input common-mode range includes V~ 

@ High voltage gain: 130 dB 

m@ Improved latchup immunity 


Applications 


m Instrumentation amplifier 


‘@ Photodiode and infrared detector preamplifier 


m™ Transducer amplifiers 

m™ Medical instrumentation 

@ D/A converter 

m Charge amplifier for piezoelectric transducers 


Low-Leakage Sample and Hold 


LMC6081 ; 


0.1 wF POLYPROPYLENE 
OR POLYSTYRENE 


OUTPUT 









0S011423-12 
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rr 

. a ' = 
Absolute Maximum Ratings (Note 1) Current at Input Pin +10 mA 2 
If Military/Aerospace specified devices are required, Current at Output Pin SON. ih 
please contact the National Semiconductor Sales Office/ Current at Power Supply Pin 40 mA _ 
Distributors for availability and specifications. Power Dissipation (Note 3) 
Differential Input Voltage +Supply Voltage s . 
Voltage at Input/Output Pin (V+) +0.3V, Operating Ratings (note 1) 

(V7) -0.3V Temperature Range 

Supply Voltage (V* —- V°) 16V LMC6081AM -55°C < T, <+125°C 
Output Short Circuit to V* : (Note 10) LMC6081Al, LMC60811 -40°C < T, < +85°C 
Output Short Circuit to V- (Note 2) Supply Voltage 4.5V < Vt <15.5V 
Lead Temperature Thermal Resistance (@,,), (Note 11) 

(Soldering, 10 Sec.) 260°C N Package, 8-Pin Molded DIP 115°C/W 
Storage Temp. Range -65'°C to +150°C M Package, 8-Pin Surface Mount 193°C/W 
Junction Temperature 150°C Power Dissipation (Note 9) 

ESD Tolerance (Note 4) 2 kV 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V~ 
= OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


Typ LMC6081AM | LMC6081Al |LMC6081I 
Symbol Parameter 


(Note 5) Limit Limit Limit 


(Note 6) (Note 6) (Note 6) 


= 
Ol 
io) 





_— 
(o>) 


TCVos_ | Input Offset Voltage : uV/’C 
ok ed a 
lp Input Bias Current 0.010 pA 
los Input Offset Current pA 
CMRR_ | Common Mode OV < Vom Ss 12.0V 85 75 75 dB 
+PSRR | Positive Power Supply | 5V < Vt < 15V 85 75 75 dB 
—~PSRR | Negative Power Supply | OV < V- < -10V 94 84 84 74 dB 
Rejection Ratio pee 4 eS 81 81 71 Min 
Vom Input Common-Mode V* = 5V and 15V —0.4 













I 
o © 
=a 
| 
o ° 
—_. 
| 
o OO 
—_, 
< 


Voltage Range for CMRR = 60 dB Max 








: : Min 

R, = 2 kQ Sourcing 1400 400 400 300 V/imV 
(Note 7) ‘aie 300 300 200 Min 
Sinking 350 180 180 90 V/mV 
Sourcing 1200 400 400 200 V/mvV 
wel 150 150 80 Min 
Sinking 150 100 100 70 V/imV 
a 3 35 50 35 Min 


Large Signal 
Voltage Gain 





Ri = 600Q 
(Note 7) 
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LMC6081 


DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. ils = SV, Vv 
= OV, Voy = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. . 














Symbol Parameter 

Vo Output Swing 

lo Output Current 
Vt = 5V 

lo | Output Current 
Vt = 15V 

Is Supply Current 
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Typ 
Conditions (Note 5) 


Vt = 5V 
R, = 2 kQ to 2.5V 








Vt = 5V 
R, = 6002 to 2.5V 





vt = 15V 
R, = 2 kQ to 7.5V 


Vt = 15V 
R, = 600Q to 7.5V 





Sinking, Vo = 5V a 
Sourcing, Vo = OV elt 
Sinking, Vo = 13V 
— 10) 


+ 45V, Vo = 1.5V 


= +15V, Ve = 7.5V 
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LMC6081AM 


Limit 
(Note 6) 


LMC6081Al 
Limit 
(Note 6) 


LMC60811 
Limit © 
(Note 6) 


4.80 4.80 4.75 
| te | in |e | 
0.13 0.13 0.20 
en ee | a | ae 
4.61 4.50 4.40 
rept 
0.30 0.40 0.40 0.50 
P| os | oe | on 
14.63 14.50 14.50 14.37 
ee 


0.35 0.35 0.44 
0.48 0.45 0.56 


13.35 
1.16 


12.92 
1.33 





Max | 


Max 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Boldface limits apply at the temperature extremes. Vt = 5V, V7 
= OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise as 


Symbol Parameter Pil 5) 

Slew Rate (Note 8) 0.8 0.8 0.8 V/us 
GBW a OO 
. ‘aSRenennii et—ie nae eeeeneae) a 


| e, Input-Referred = 1 kHz nV// Hz 
Voltage Noise 

in Input-Referred = 1 kHz 0.0002 pA// Hz 
Current Noise 


Total Harmonic Distortion = 10 kHz, Ay = -10 
‘ = 2 kQ, Vo = 8 Vpp 0.01 % 
+5V Supply 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Tymax) 
- Ta) /®Ja. 

Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 6y, with Pp = (Ty — Ta)/Oya. 

Note 10: Do not connect output to V*, when V+ is greater than 13V or reliability will be adversely affected. 

Note 11: All numbers apply for packages soldered directly into a PC board. 


L8099DIN1 


LMC6081AM | LMC6081AlI | LMC6081 


Limit Limit Limit 











Units 
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LMC6082 


LMC6082_— 


A Nationat Semiconductor 


Precision CMOS Dual Operational Amplifier 


General Description 

The LMC6082 is a precision dual low offset voltage opera- 
tional amplifier, capable of single supply operation. Perfor- 
mance characteristics include ultra low input bias current, 
high voltage gain, rail-to-rail output swing, and an input com- 
mon mode voltage range that includes ground. These fea- 
tures, plus its low offset voltage, make the LMC6082 ideally 
suited for precision circuit applications. 


Other applications using the LMC6082 include precision 
full-wave rectifiers, integrators, references, and 
sample-and-hold circuits. 


This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 


For designs with more critical power demands, see the 
LMC6062 precision dual micropower operational amplifier. 


PATENT PENDING 


Connection Diagram 


8-Pin DIP/SO 


OUTPUT A vt 


INVERTING INPUT A QUTPUT B 


NON-INVERTING 


INPUT A INVERTING INPUT B 


NON-INVERTING 


V INPUT B 





DS011297-1 


Top View 
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Features 


(Typical unless otherwise stated) 

m Low offset voltage: 150 uV 

m= Operates from 4.5V to 15V single supply 

= Ultra low input bias current: 10 fA 

= Output swing to within 20 mV of supply rail, 100k load 
m Input common-mode. range includes V- | 

m High voltage gain: 130 dB 

= Improved latchup immunity 


Applications 

= Instrumentation amplifier 

m= Photodiode and infrared detector preamplifier 
m Transducer amplifiers os 

= Medical instrumentation 

m= D/A converter . 

m Charge amplifier for piezoelectric transducers 


Input Bias Current 
vs Temperature. 


INPUT BIAS CURRENT 





0 25 50 75 100 125 150 


TEMPERATURE (°C) 
DS011297-18 
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a 
Absolute Maximum Ratings (note 1) Current at Input Pin sioma | 5 
If Military/Aerospace specified devices are required, Current at Output Pin +30 mA 3 
please contact the National Semiconductor Sales Office/ Current at Power Supply Pin 40 mA N 
Distributors for availability and specifications. Power Dissipation (Note 3) 
Differential Input Voltage +Supply Voltage 
Voltage at Input/Output Pin (V*) +0.3V, Operating Ratings (Note 1) 

(V-) -0.3V Temperature Range 
Supply Voltage (V* - V>) 16V LMC6082AM -55°C < T, < +125°C 
Output Short Circuit to V* (Note 11) LMC6082Al, LMC6082! -40°C < Ty < +85°C 
Output Short Circuit to V~ (Note 2) Supply Voltage 4.5V < Vt < 15.5V 
Lead Temperature Thermal Resistance (6,4) (Note 12) 

(Soldering, 10 Sec.) 260°C 8-Pin Molded DIP 115°C/W 
Storage Temp. Range -65°C to +150°C 8-Pin SO 193°C/W 
Junction Temperature 150°C Power Dissipation (Note 10) 

ESD Tolerance (Note 4) 2 kV 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T. 1 = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V~ 
= OV, Vow = 1.5V, Vo = 2.5V and R, > 1M unless oth erwise oe 
Limit Limit 


Symbol Parameter Conditions ee 5) 
(Note 6) ae 6) 


Vos Input Offset Voltage 
Lac SAINT Salt i ek a 
TCVos_ | Input Offset Voltage : wit C 
ee tae —t-—t—1 


Rin | Input Resistance | | Input Resistance | ron Q 
CMRR eomnon move te S Vom S 12. ance oo dB 
+PSRR ene Power af UPR - <V* < 15V dB 
-PSRR | Negative Power Supply yi <V- <-10V dB 


LMC6082AM | LMC6082AI | LMC6082! 













Units 























| Vom Input Common-Mode = 5V and 15V -0.1 —0.1 -0.1 V 
Voltage Range for CMRR 2 60 dB fo BR Max 

Vt - 1.9 - 2.3 - 2.3 - 2.3 V 
Ay Large Signal R, =2 a Sourcing 1400 V/imV 


Sinking V/imV 
Sourcing 1200 | 400 400 250 V/mV 
Sinking 150 100 100 70 V/imV 


R, = 600Q 
(Note 7) 
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LMC6082 


DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T = - 25°C. Boldface limits ts apply at ie lemon? Senes: ve = 5V, V- 


= OV, Voy = 1.5V, Vo = 2.5V and R, > 1M unless: otherwise iiss 
| Typ LMC6082AM | LMC6082AI 
(Note 5) |}: Limit Limit Limit: 

ae aie 6) (Note 6) =| (Note:6) 


4.80 4.80 4.75 

10° 0.13 0.13 0.20 
4.50 4.50 4.40 
0.40 0.40 0.50 | 
14.50 14.50 14.37 
0.35 0.44 
13.35 12.92 
1.16— 1.33 

























Parameter -Conditions | 









Vt = 5V 
R, = 2kQto2.5V _ 


Output Swing 














* = 5V" 
ae = 6002 to 25V_ | 


Vt = 15V 
R, = 2 kQ. to 7.5V 












Vt = 15V 
R, = 600Q to 7.5V 


lo. | Output Current Sourcing, Vo = OV 22 
inki = 5\ 21 16 
n 












a 
@ oO 
—_= 
ie) 


fo) 
co 
te a 
omg ou , 
wo ~lo tla Rl] Vo 
NN] {2 D/O W/O 

















lo Output Current Sourcing, Vo = OV .. 30 28 
a Sinking, Vo =13V. 34 28 28 
(Note 11) 19 22 
Is Supply Current Both Amplifiers . 


Vt = 45V, Vo = 1.5V 
Both Amplifiers | | 
V+ = +15V, Vo = 7.5V 


1.7 
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LMC6082! 


Units 


< 


Min 
Fie 


: Max 
Min. 


~ Max. 


» Min. 
Max 
Min 


Max’ - 
mA 
Min: 
mA . 
Min 
mA 
Min 
mA 
Min 
mA — 
Max 
mA 
Max 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Boldface limits apply at the temperature extremes. V* = 5V, V7 
= OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise a 


LMC6082I 
Symbol Parameter Conditions imi imi Limit 
(Note 6) 


GBW Gain-Bandwidth Product ene: 
im __| Phase Margin ae 
Amp-to-Amp Isolation (Note 9) 


* 
Voltage Noise 
Current Noise 

T.H.D. | Total Harmonic F = 10 kHz, Ay = -10 
Distortion R, = 2 kQ, Vo = 8 Vpp 





+5V Supply 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of £30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of T ymax), 9ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax) 
— Ta) /®Ja. 

Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 15V, Vcy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 9: Input referred V* = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turm with 1 kHz to produce Vo = 12 Vpp. 


Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 6), with Pp = (Ty — T,)/Oya. All numbers apply for pack- 
ages soldered directly into a PC board. 


Note 11: Do not connect output to V*, when V* is greater than 13V or reliability will be adversely affected. 
Note 12: All numbers apply for packages soldered directly into a PC board. 
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LMC6084 


National Semiconductor 


Precision CMOS Quad Operational Amplifier 


General Description 


The LMC6084 is a precision quad low offset voltage opera- 
tional amplifier, capable of single supply operation. Perfor- 
mance characteristics include ultra low input bias current, 
high voltage gain, rail-to-rail output swing, and an input com- 
mon mode voltage range that includes ground. These fea- 
tures, plus its low offset voltage, make the LMC6084 ideally 
suited for precision circuit applications. 


Other applications using the LMC6084 include precision 
full-wave rectifiers, | integrators, references, and 
sample-and-hold circuits. 

This device is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. | 

For designs with more critical power demands, see the 
LMC6064 precision quad micropower operational amplifier. 
For a single or dual operational amplifier with similar fea- 
tures, see the LMC6081 or LMC6082 respectively. 
PATENT PENDING 


Connection Diagram 


Features 


(Typical unless otherwise stated) 

m Low offset voltage: 150 pV | 

m Operates from 4.5V to 15V single supply 

m Ultra low input bias current: 10 fA 

= Output swing to within 20 mV of supply rail, 100k load 
m Input common-mode range includes V- 

m High voltage gain: 130 dB 

@ Improved latchup immunity 


Applications 

m Instrumentation amplifier 

= Photodiode and infrared detector preamplifier 
w Transducer amplifiers 

= Medical instrumentation 

m= D/A converter 

mw Charge amplifier for piezoelectric transducers 


14-Pin DIP/SO 





OUTPUT 1 


INVERTING INPUT 1 


NON-INVERTING INPUT 1 


NON-INVERTING INPUT 2 


INVERTING INPUT 2 


OUTPUT 4 


INVERTING INPUT 4 


NON-INVERTING INPUT 4 


NON-INVERTING INPUT 3 


INVERTING INPUT 3 


DS011467-1 


Top View 


Input B 


ias Current 


vs Temperature 


100pA 


10pA 





1OOfA 


INPUT BIAS CURRENT 





T 
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EMPERATURE (°C) 
DS011467-20 


1-188 


Absolute Maximum Ratings (note 1) Current at Input Pin 

If Military/Aerospace specified devices are required, Current at Output Pin 

please contact the National Semiconductor Sales Office/ Current at Power Supply Pin 

Distributors for availability and specifications. Power Dissipation 

Differential Input Voltage +Supply Voltage 2 : 

Voltage at Input/Output Pin (V*) +0.3V, Operating Ratings Mole) 

(V~) -0.3V Temperature Range 

Supply Voltage (V* — V>) 16V LMC6084AM 

Output Short Circuit to V* (Note 11) LMC6084AI, LMC60841 

Output Short Circuit to V~ (Note 2) Supply Voltage 

Lead Temperature Thermal Resistance (6,,) (Note 12) 
(Soldering, 10 Sec.) 260°C 14-Pin Molded DIP 

Storage Temp. Range —65°C to +150°C 14-Pin SO 

Junction Temperature 150°C Power Dissipation 

ESD Tolerance (Note 4) 2kV 


DC Electrical Characteristics 


+10 mA 
+30 mA 

40 mA 
(Note 3) 


-55°C < T, < +125°C 
-40°C < T, < +85°C 
45V<V* < 15.5V 


81°C/W 
126°C/W 
(Note 10) 


Unless rial ahs 5 elie all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, 


V~ = OV, Vow = 1.5V, Vo = 2.5V and R, > 1M unless otherwise — 


TCVosg | Input Offset Voltage 
Average Drift 
ls Input Bias Current ——E 0.010 


ee Common wioce a < es < 12.0V 

+PSRR | Positive Power Ar SUPPLY 5V<Vt<15V 

—PSRR Negative Power Supply } OV < V7 <-10V 
a TS 

















Vom Input Common-Mode = 5V and 15V 
Voltage Range for CMRR 2 60 dB 
Ay Large Signal R, = 2 kQ 









= Sourcing 1400 
(Note 7) 


Voltage Gain 


Ry = 600Q 
(Note 7) 






s 

z Cc 
O1 

—, 

co 
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LMC6084AM |LMC6084AI 
Limit Limit 
(Note 6) (Note 6) 





LMC6084I 


Limit 
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LMC6084 


DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = SV, 
V~ = OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 














Typ LMC6084AM |LMC6084Al | LMC60841 | 
Symbol Parameter | Conditions (Note 5) Limit Limit Limit Units 
(Note 6) (Note 6) (Note 6) - 




































Vo Output Swing Vi = 5V 4.87 4.80 4.80 4.75 V 
_ 0.10 0.13 0.13 0.20 V 
Vt = 5V . 4.61 4.50 4.50 4.40 V 
0.30 0.40 0.40 — 0.50 V 
Vt = 15V 14.63 14.50 14.50 14.37 V 
0.35 0.35 0.44 V 
Vt = 15V 13.90 13.35 13.35 12.92 V 
1.16 1.16 1.33 V 
lo Output Current Sourcing, Vo = OV mA 
Sinking, Vo = 5V mA 
lo Output Current Sourcing, Vo = OV mA 
Sinking: Vo = 13V 23 mA 
Is Supply Current All Four sal ad 3.0 3.0 mA 
All Four Amoi 3.4 3.4 mA 
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AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Boldface limits apply at the temperature extremes. V* = 5V, 
V- = OV, Vow = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


Typ LMC6084AM | LMC6084AI | LMC6084I 
Symbol Parameter (Note 5) Limit Limit Limit Units 


y8090WN1 





SR Slew Rate (Note 8) 1:5 V/us 
GBW | GainBandwath Pract «| —SCSC~—~SCS~SS|SSC*dSSSSSC~dSCSSCSSS~*dSCO 
im ___| PhaseMarin SSSdTSSSSSCSC~“—~—~—*~*~s~sSSCSTSSC~C~‘“RSCSC“‘(CSS*LSSCSC*dSCOg 
[Amp-c-Amp Isolation | Woes) ——S~dT—=Siwo | ~SSSCdTSCCSC~‘dCSC“‘*‘( 
in| tnput-Reterred Current Nose F=tKz ——+| 0.0008 |i [eae 
F 


T.H.D. 





Total Harmonic Distortion 





= 10 kHz, Ay = -10 
Ry = 2 kQ, Vo = 8 Vpp 
+5V Supply 






Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of T ymax), 94a, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
~ Ta) /Ojp- 


Note 4: Human body model, 1.5 kQ in series with 100 pF. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 15V, Voy = 7.5V and Ry, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 8: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred Vt = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turm with 1 kHz to produce Vo = 12 Vpp. 


Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 6), with Pp = (Ty — Ta)/@Ja. All numbers apply for pack- 
ages soldered directly into a PC board. 


Note 11: Do not connect output to V*, when V* is greater than 13V or reliability will be adversely affected. 
Note 12: All numbers apply for packages soldered directly into a PC board. 
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LMC6442 


Of tative Semiconductor 


LMC6442 


Dual Micropower Rail-to-Rail Output Single Supply 


Operational Amplifier 


General Description 
The LMC6442 is ideal for battery powered.systems, where 


very low supply current (less than one microamp per ampli- . 


fier) and Rail-to-Rail output swing is required. It is character- 
ized for 2.2V to 10V operation, and at 2.2V supply, the 
LMC6442 is ideal for single (Li-lon) or two cell (NiCad or al- 
kaline) battery systems. 


The LMC6442 is designed for battery powered systems that 
require long service life through low supply current, such as 
smoke and gas esis: and mpage! or perpovel communi- 
cations systems. 


Operation from single supply is enhanced by the wide com- 
mon mode input voltage range which includes the ground (or 
negative supply) for ground sensing applications. Very low 
(5fA, typical) input bias current and near constant supply cur- 
rent over supply voltage enhance the LMC6442’s perfor- 
mance near the end-of-life battery voltage. 


Designed for closed loop gains of greater than plus two (or 


minus one), the amplifier has typically 9.5 KHz GBWP (Gain 
Bandwidth Product). Unity gain can be used with a simple 


compensation circuit, which also allows capacitive loads of | 


up to 300 pF to be driven, as described in the Application 
Notes section. 

For compact assembly the LMC6442 is available in the 
MSOP 8 pin package, about one half the size required by the 
SOIC 8 pin package. 8 pin DIP and 8 pin SOIC are also 
available. 


Connection Diagram 





Key Specifications 


Features 
(Typical, Vg = 2.2V) 


Output Swing to within 30 mV of supply rail 
_ High voltage gain 

Gain Bandwidth Product — 

Guaranteed for: 

Low Supply Current 

Input Voitage Range 

Power consumption | 

Stable for Ay 2+2 or Ay < -1 


Applications | 

m Portable instruments 

= Smoke/gas/CO/fire detectors 
m Pagers/cell phones 

= instrumentation 

m= Thermostats 

m Occupancy sensors 

m Cameras 

m Active badges 


yt 
OUT B 
-IN B 
+iN B 
DS100064-40 
Top View 
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2.2V, 5V, 10V 
0.95 pA/Ampilifier 
-0.3V to V* -0.9V 
2.1 uW/Amplifier 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
ESD Tolerance (Note 2) 

Differential input Voltage +Supply Voltages 
Voltage at Input/Output Pin (V*) + 0.3V, (V~) - 0.3V 
Supply Voltage (Vt - V>): 16V 


2 kV 


Current at Input Pin (Note 10) +5 mA 
Current at Output Pin(Notes 3, 7) +30 mA 
Lead Temp. (soldering 10 sec) 260°C 
Storage Temp. Range: -65'°C to +150°C 
Junction Temp. (Note 4) 150°C 


Operating Ratings (Note 1) 


Supply Voltage 

Junction Temperature 

Range: LMC6442Al, LMC6442I 
Thermal Resistance (8 ,,) 


1.8V<V5<11V 
~40°C < Ty < +85°C 


M Package, 8-pin Surface 193°C/W 
Mount 

MSOP Package 235°C/W 
N Package, 8-pin Molded 115°C/W 


DIP 


2.2V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.2V, V~ = OV, Voy = Vo = V */2, and R, = 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. 


Typ 


DC Electrical Characteristics 


; +4 +8 max 
TCVos Temp. coefficient of input offset 0.4 WIC 
voltage H 
Is Input Bias Current (Note 14) SGOe ae pA 
max 
los Input Offset Current (Note 14) agone Le joe pS 
Common Mode Rejection Ratio | -0.1V < Vey <0.5V 92 67 67 dB min 
67 67 
Cin Common Mode Input 4.7 pF 
Capacitance 
Power Supply Rejection Ratio Vs = 2.5 V to 10V 95 75 75 dB 
75 75 min 






LMC6442Al 
Limit 
(Note 6) 


LMC6442I 
Limit 
(Note 6) 


Units 
















PSRR 
Vom Input Common-Mode Voltage V 
Range 0.95 0.95 min 
CMRR 2 50 dB 
-0.3 -0.2 -0.2 V 
Ay [Large Signal Vottage Gain [Sourcing (Note) —=s«d|~'too | SCT SCC 
Vo=02evioav «| -toa3_—~| =O] Si 
2.15 2.15 min 
Vip = -100 mV (Note 13) 22 60 60 mV 
60 60 max 
lsc Output Short Circuit Current Sourcing, Vip = 100 mV 50 18 18 
(Notes 12, 13) 17 17 UA 
Sinking, Vip = -100 mV 50 20 20 min 
(Notes 12, 13) 19 19 
Is Supply Current (2 amplifiers) 2.4 2.6 
3.0 3.2 Hn 


AC Electrical Characteristics 


SR [Slew Rate (Note 6) Dae [id 
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LMC6442 


Vos Input Offset Voltage 


+7 
| +8 
| TCVos Temp. coefficient of input offset 
voltage 
lp Input Bias Current (Note 14) 0.005 = ae pA 
| | max 


Pore Common Mode Input 
Capacitance 


2.2V Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.2V, V- = OV, Vom = Vo = V */2, and R, = 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. : . = : Sk 


a = | LMce442al | LMC64421 | 
Ae Conditions (N a 5) Limit Limit 
| (Note 6) — (Note 6) | 

















Symbol Parameter Units 





AC Electrical Characteristics 


GainBandwicth Product -[~——=S~S~S—SBSYSSSCSCSC~*dSSCSC*dSC 
Phase Margin (Note 15) es 


5V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vom = Vo = V */2, and R, = 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. 















LMC6442AI | LMC6442I 
Limit | Limit 
(Note 6) (Note 6) _ 


Typ 


(Note 5) Units 


Symbol Parameter Conditions 





DC Electrical Characteristics 


CMRR eee oe 102 70 70 | dBmin 
a 70 70 
re ee 


PSRR Power Supply Rejection Ratio Vs = 2.5 V to 10V | 75 75 dB 
95 
75 75 min 


Vom Input Common-Mode Voltage 
Range 


44 3.85 3.85 V 
3.75 3.75 min 
CMRR > 50 dB 


-0.2 / =0.2 V 
0 0 max 
Sourcing (Note 11) ene dB 
f= 
tas 


Ay Large Signal Voltage Gain 





Sinking (Note 11) ee ae 


Vo Output Swing Vip = 100 mV 4.99 4.95 495 | V 
(Note 13) . 4.95 4.95 min 





Vip = -100 mV | 50 50 mV 
. (Note 13) . . 50 50 max 
Isc Output Short Circuit Current Sourcing, Vip = 100 mV 500 300 300 - 
(Notes 12, 13) 200 200 UA 
Sinking, Vip = -100 mV" . 350 200 200 min 
(Notes 12, 13) 150 150 


| Is Supply Current (2 amplifiers) R, = open ~ 1.90 2.4 UA 
|. 3.0 max 


26 
3.2 
AC Electrical Characteristics 

[SiewRaie (Notes) S| SSSS™~—“—~sSCSYSCA SdT|sSC 
‘[Gain-Bandwiath Proauct [| SCSC™~<—SCSs SST 
[Phase Margin _—=S=it (Note 5) —SSC~=“*‘*~sSCSSC*dG™C“‘S(;S;SC#*'r.CC#éS 


Total Harmonic Distortion Ay = +2, f = 100 Hz, 0.08 
Ry = 10MQ, Vout = 1 Vpp 
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Degree 


10V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, 
Boldface limits apply at the temperature extremes. 





= 25°C, V* = 10V, V~ = OV, Vom = Vo = V */2, and R, = 1 MQ to V*/2. 












T LMC6442Al | LMC6442I 
Parameter | -_ Conditions (N ae 5) Limit Limit Units 
: (Note 6) (Note 6) 


DC Electrical Characteristics 











= +4 +8 max 
voltage 
max 
max 
| 70 70 
Capacitance 
95 ! 
15 75 min 
Vom Input Common-Mode Voltage | mee LS V 
Range 8.75 8.75 min 
CMRR 2 50 dB 
0 0 max 
Ay [Large Signal Votage Gain [Sourcing Note 1H) ——SSsd| to «| TY 
Vo=osviossv | to | 60 | 60 
(Note 13) 9.97 9.97 min 
50 50 max 
Isc Output Short Circuit Current Sourcing, Vip = 100 mV 
(Notes 12, 13) 1000 1000 UA 
(Notes 12, 13) 500 500 
3.0 3.2 max 
AC Electrical Characteristics 
SR__[SlewRate(Note 8) | SS SC™~—ssSS SAA S| STS Ci 
GBWP _|GainBandwidth Proauct | ———SSSSSSCSC~S~s SOS |CdSC*d;CK 
tm _|[PhaseMargin ——=—«(Note 15) ——SSSSSCSC~d=CiBSSTSSSCSCSC*dSC‘“‘(CC+*CC#CD gre 
f = 10 Hz 
i Input-Referred Current Noise _| R, = open ea rr pA/VHz 
f = 10 Hz 
[Orasstak Rejection __—‘iiNotes) ——SSSC~=“~;*~‘~dTSSSC*dYSC(st‘;*é‘dYSC‘“‘(C;Cé*dL*«CS®; 
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LMC6442 


Electrical Characteristics (continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit spersiion at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tjmax), 8ya, and Ta. The maximum allowable power dissipation at any ambient jemicelatae is EDS (Ty- 
(max) - Ta)/ ®ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis unless otherwise specified. 

Note 7: Do not short circuit output to V*,when Vt is greater than 13V or reliability will be adversely affected. 

Note 8: Slew rate is the slower of the rising and falling slew rates. 

Note 9: Input referred, V* = 10V and Ry, = 10 MQ connected to 5V. Each amp excited in turn with 1 KHz to produce about 10 Vpp output. 
Note 10: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voitage ratings. 
Note 11: R,. connected to V*/2. For Sourcing Test, Vo > V*/2. For Sinking tests, Vo < V*/2. 

Note 12: Output shorted to ground for sourcing, and shorted to V+ for sinking short circuit current test. 

Note 13: Vip is differential input voltage referenced to inverting input. 

Note 14: Limits guaranteed by design. 

Note 15: See the Typical Performance Characteristics and Application Notes sections for more details. 
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National Semiconductor 


LMC6462 Dual/LMC6464 Quad 
Micropower, Rail-to-Rail Input and Output CMOS 
Operational Amplifier 


General Description Features 


The LMC6462/4 is a micropower version of the popular (Typical unless otherwise noted) 
LMC6482/4, combining Rail-to-Rail Input and Output Range == _ Ultra Low Supply Current: 20 uA/Amplifier 


with very low power consumption. m Guaranteed Characteristics at 3V and 5V 

The LMC6462/4 provides an input common-mode voltage _m™ Rail-to-Rail Input Common-Mode Voltage Range 
range that exceeds both rails. The rail-to-rail output swing Of ~~ m ~Rail-to-Rail Output Swing 

the amplifier, guaranteed for loads down to 25 kQ, assures (within 10 mV of rail, Vs = 5V and R, = 25 kQ) 
oes oe ese ni A loniaiey ele lige = Low Input Current: 150 fA 

of the amplifier, combined with its high voltage gain makes it 

unique among rail-to-rail amplifiers. The LMC6462/4 is an am EO IDM eet oledey Deo tny 
excellent upgrade for circuits using limited common-mode 
range amplifiers. 


The LMC6462/4, with guaranteed specifications at 3V and 
5V, is especially well-suited for low voltage applications. A 
quiescent power consumption of 60 pW per amplifier (at Vs 
= 3V) can extend the useful life of battery operated systems. 
The amplifiers 150 fA input current, low offset voltage of 
0.25 mV, and 85 dB CMRR maintain accuracy in 
battery-powered systems. 


Applications 

Battery Operated Circuits 
Transducer Interface Circuits 
Portable Communication Devices 
Medical Applications 

Battery Monitoring 


Connection Diagrams 


8-Pin DIP/SO 14-Pin DIP/SO 





DS012051-1 


Top View 





DS012051-2 


Top View 
Low-Power Two-Op-Amp Instrumentation Amplifier 


100 
Gain 
Trim 







1910 


10k, 0.1% ; 
10k, 0.1% 


CMRR 
Hee) Vout = 100Vp 


DS012051-21 
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LMC6462 Dual/LMC6464 Quad 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 2.0 kV © 
Differential Input Voltage - +Supply Voltage 
Voltage at Input/Output Pin (V+) + 0.3V, (V-) — 0.3V 
Supply Voltage (V* - V-) 16V 
Current at Input Pin (Note 12) +5 mA 
Current at Output Pin 

(Notes 3, 8) +30 mA 
Current at Power Supply Pin 40 mA 
Lead Temp. (Soldering, 10 sec.) 260°C 
Storage Temperature Range -—65°C to +150°C 
Junction Temperature (Note 4) 150°C 


5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Von 


limits apply at the temperature extremes. 









Operating platings (Note 1) 


Supply Voltage 3.0V < Vi < 15.5V 

Junction Temperature Range | 
LMC6462AM, LMC6464AM 
LMC6462Al, LMC6464AI - 
LMC6462Bi, LMC6464BI 


Thermal Resistance (05a) 


85°C < Ty < +125°C 
- '~40°C < Ty < +85°C 
— -40°C < Ty < +85°C 


N Package, 8-Pin Molded DIP 115°C/W 
M Package, 8-Pin Surface Mount 193°C/W 
N Package, 14-Pin Molded DIP 81°C/W 
M Package, 14-Pin 

126°C/W 


Surface Mount 


= Vo = V*/2 and R, > 1M. Boldface 

























LMC6462Al | LMC6462BI | LMC6462AM 
Symbol Parameter Conditions LMC6464Al | LMC6464BI ; LMC6464AM | Units 
ngs 5) Limit Limit Limit 
(Note 6) 
Input Offset Voltage 0.5 3.0 0.5 mV 
TCVog | Input otieel Voltage yV/'C 
a 
io _|ImputCurent [Wot ———«|~ots | to | 10 | 200‘ | pamax 
ios __| Input Offset Current | (Note 13) ——=S« 0.07 | 8 «| «8 «| ~—«it00__—| pmax 
Cin Common-Mode pF 
for A Ae 
CMRR_ | Common Mode OV < Vom s 15.0V, 70 65 70 dB 
Rejection Ratio V+ = 15V a ae 62 65 min 
OV < Vom < 5.0V 85 70 | 65 70 
= 5V aes 67 62 65 | 
+PSRR | Positive Power Supply 5V < Vi < 15V, 70 65 70 dB 
~PSRR | Negative Power Supply | -5V < v- < -15V, 70 65 70 dB 
Vom Input Common-Mode Vt = 5V | -0.10 —0.10 -0.10 V 
Voltage Range For CMRR 2 50 dB ane max 
| 5.25 5.25 5.25 V 
Vt = 15V ~0.15 —0.15 -0.15 V 
15.30 15.25 15.25 15.25 V 
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5V DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Voy = Vo = V*/2 and R, > 1M. Boldface 
limits apply at the temperature extremes. 


LMC6462AI | LMC6462BI | LMC6462AM 
Symbol Parameter Conditions LMC6464AlI | LMC6464BI | LMC6464AM | Units 
nee 5) Limit Limit Limit 
(Note 6) (Note 6) (Note 6) 





PEND P9PSOW TIEN c9P9DWN1I 





Large Signal R, = 100 kQ | Sourcing 3000 VimV 
Voltage Gain (Note 7) a i a min 

Sinking V/imV 

R, = 25 kQ Sourcing 2500 V/mV 

Sinking V/imV 





Vo Output Swing Vt = 5V 
R, = 100 kQ to V*/2 


4.995 4.990 4.950 4.990 V 
0.005 0.010 0.050 0.010 V 
4.990 4.975 4.950 4.975 V 
0.010 0.020 0.050 0.020 V 
Vt = 15V 14.990 14.975 14.950 14.975 V 
0.025 0.050 0.025 V 

Vt = 15V 14.965 14.900 14.850 14.900 V 
0.025 0.050 0.100 0.050 V 
Isc Output Short Circuit Sourcing, Vo = OV 27 19 19 19 mA 
V+ = 5V Sinking, Vo = 5V 27 22 22 22 mA 
Isc Output Short Circuit Sourcing, Vo = OV 38 24 24 24 mA 
V* = 15V ras Vo = 12V mA 

Ig Supply Current sr LMC6462 UWA 
cd LMG6464 110 110 110 UA 
Dual, LMC6462 

Quad, LMC6464 120 yA 


V* = 5V 
Ri = 25 kQ to V*/2 





3 











3 
2 } 
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LMC6462 Dual/LMC6464 Quad 


5V AC Electrical Characteristics st ee ars 
Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Voy = Vo = V*/2 and R, > 1M. Boldface 
limits apply at the temperature extremes. | 











Los - ‘LMC6462AI | LMC6462BI |LMC6462AM | _— - 
Symbol | —S=~Parameter Conditions Typ LMC6464AI | LMC6464BI |LMC6464AM Units | 
| an | | "(Note 5) Limit imi Limit oe 

- (Note 6) (Note 6) 

SR Slew Rate (Note 9) 15 15 ~ V/ms 
caw very | 6 [| | -+| —~*i—_— 
on [Phase Marin | SST OT SSSCdESCC*“‘;SY'LC‘#WdL#é«éOOG 
Gn | GainMargin S| SCT St S| STTTCdTSCC~“‘dYC‘<§*TCOCD 
| Arnpto-amp isolation | (Nott) | 190 | —~+i| «| —SSS—~dCi 

Voltage Noise Vom = 1V | 

Current Noise 


3V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T,; = 25°C, V* = 3V, V- = OV, Vom = Vo = V*/2 and R, > 1M. Boldface 
limits apply at the temperature extremes. 





LMC6462AI | LMC6462BI | LMC6462AM 
LMC6464Al | LMC6464BI | LMC6464AM | Units © 
Limit _ Limit Limit 


Symbol . Parameter Conditions 





(Note 6) (Note 6) (Note 6) 


Vos | Input Offset Voltage 2.0 3.0 2.0 mV 
TCVosg_ | Input Offset Voltage 2.0 : 
( 

74 


lp Input Current Note 13) 0.15 


los Input Offset Current Note 13) 0.075 


CMRR_ | Common Mode OV < Vom < 3V 


Rejection Ratio 


PSRR = | Power Supply 3V < Vis 15V, Vo =O0V 
Rejection Ratio 


Vom Input Common-Mode For CMRR 2 50 dB -0.10 | 
Voltage Range | 





Vo Output Swing R, = 25 kQ to V*/2 2.95 2.9 V 


Is Supply Current Dual, LMC6462 | 55 55 55 UA 
Quad, LMC6464 110 | 110 UA 
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3V AC Electrical Characteristics 


Unless 
tremes. 





Note 1: 











LMC6462AlI 
LMC6464Al 


LMC6462Bi 
LMC6464BI 


LMC6462AM 


otherwise specified, V* = 3V, V~ = OV, Voy = Vo = V*/2 and R, > 1M. Boldface limits apply at the temperature ex- 
LMC6464AM 
Limit Limit Limit 


Parameter Conditions 
fae 5) 
(Note 6) (Note 6) (Note 6) 


LS 
ae a A A CAE NERS 


Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 




















tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: 
Note 3: 


Human body model, 1.5 kQ in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a class 2 device rating. 
Applies to both single supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the maxi- 


mum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: 


The maximum power dissipation is a function of Tjmax), 9ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax) 


— Ta)/6jq. All numbers apply for packages soldered directly into a PC board. 


Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 
Note 10: 
Note 11: 
Note 12: 
Note 13: 
Note 14: 


Typical Values represent the most likely parametric norm. 
All limits are guaranteed by testing or statistical analysis. 
V* = 15V, Voy = 7.5V and Ry, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 3.5V < Vo < 7.5V. 
Do not short circuit output to V*, when V* is greater than 13V or reliability will be adversely affected. 
V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 
Input referred, V* = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 12 Vpp. 
Connected as Voltage Follower with 2V step input. Number specified is the slower of either the positive or negative slew rates. 
Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 
Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 
For guaranteed Military Temperature Range parameters see RETSMC6462/4X. 
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- LMC6482 


National Semiconductor 


LMc6482 


CMOS Dual Rail-To-Rail Input and Output Operational 


Amplifier 


General Description | 


The LMC6482 provides a common-mode range that extends 
to both supply rails. This rail-to-rail performance combined 
with excellent accuracy, due to a high CMRR, makes it 
unique among rail-to-rail input amplifiers. 

It is ideal for systems, such as data acquisition, that require 
a large input signal range. The LMC6482 is also an excellent 
upgrade for circuits using limited common-mode range am- 
plifiers such as the TLC272 and TLC277. 
Maximum dynamic signal range is assured in low voltage 
and single supply systems by the LMC6482’s rail-to-rail out- 
put swing. The LMC6482’s rail-to-rail output swing is guaran- 
teed for loads down to 6000. | 

Guaranteed low voltage characteristics and low power dissi- 
pation make the LMC6482 especially well-suited for 
battery-operated systems. 

LMC6482 is also available in MSOP package which is al- 
most half the size of a SO-8 device. 

See the LMC6484 data sheet for a Quad CMOS operational 
amplifier with these same features. 


3V Single Supply Buffer Circuit 


Rail-To-Rail Input 
Cr 






DS011713-1 


Connection Diagram 


OUTPUT A 


INVERTING INPUT A 


NON-INVERTING 
INPUT A 


V 
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®@ High Voltage Gain (R, = 500 kQ): 








Features 


(Typical unless otherwise noted) 

@ Rail-to-Rail Input Common-Mode Voltage Range 
(Guaranteed Over Temperature) | 

® Rail-to-Rail Output Swing (within 20 mV of supply rail, 
100 kQ load) | | 

= Guaranteed 3V, 5V and 15V Performance 

m Excellent CMRR and PSRR: 82dB . 

m= Ultra Low Input Current: 20 fA 

130 dB 

m Specified for 2 kQ and 600Q loads 

m Available in MSOP Package 


Applications 


@ Data Acquisition Systems 

® Transducer Amplifiers 

@ Hand-held Analytic Instruments 
= Medical Instrumentation 


m= Active Filter, Peak Detector, Sample and Hold, pH 
Meter, Current Source 


m= Improved Replacement for TLC272, TLC277 


Rail-To-Rail Output 





DS011713-2 
DS011713-3 


yr 
OUTPUT B 
INVERTING 


INPUT B 


NON-INVERTING 
INPUT B 


DS011713-4 
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~ 
Absolute Maximum Ratings (Note 1) Storage Temperature Range ~65°C to +150°C 7 
If Military/Aerospace specified devices are required, Junction Temperature (Note 4) 150°C 2 
please contact the National Semiconductor Sales Office/ ; : i) | 
Distributors for availability and specifications. Operating Ratings (Note 1) 
ESD Tolerance (Note 2) 1.5 kV Supply Voltage 3.0V < V+ < 15.5V 
Differential Input Voltage +Supply Voltage Junction Temperature Range 
Voltage at Input/Output Pin (V*) +0.3V, (V~) -0.3V LMC6482AM -55°C < T, < +125°C 
Supply Voltage (V* - V-) 16V LMC6482Al, LMC64821 -40°C < T, < +85°C 
Current at Input Pin (Note 12) +5 mA Thermal Resistance (6,,) 
Current at Output Pin N Package, 8-Pin Molded DIP 90°C/W 
(Notes 3, 8) +30 mA M Package, 8-Pin Surface Mount 155°C/W 
Current at Power Supply Pin 40 mA MSOP package, 8-Pin Mini SO 194°C/W 
Lead Temperature 
(Soldering, 10 sec.) 260°C 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vom = Vo = V*/2 and R, > 1M. Boldface 
limits apply at the temperature extremes. 


- 


LMC6482AI | LMC6482! | LMC6482M | Units 





(Note 5) 


i 
< 
S 


Limit Limit 
Vos Input Offset Voltage 0.11 0.750 3.0 3.0 mV 
TCVos | Input Offset Voltage uV/°C 
frag | FT 
Ip Input Current (Note 13) 0.02 pA 
los Input Offset Current (Note 13) 0.01. pA 
Cin Common-Mode 3 pF 


CMRR | Common Mode OV < Vom S$ 15.0V 
Rejection Ratio Vt = 15V 

OV < Vom < 5.0V 

V* = 5V 


+PSRR | Positive Power Supply 5V < V* < 15V, V- = OV 82 70 65 65 dB 
Vo = 2.5V 67 62 60 min 

—PSRR | Negative Power Supply | -5V < V° <-15V, V* = 0V 70 65 65 dB 

Vom Input Common-Mode V* = 5V and 15V V--0.3 — 0.25 — 0.25 -— 0.25 V 
Voltage Range For CMRR 2 50 dB iia 0 max 

Vt + 0.3V VF 4+ 0.25 Vt + 0.25 Vt + 0.25 V 
Large Signal R, = 2 kQ Sourcing 140 120 120 V/mV 
Sinking 75 35 35 35 V/mV 
Sourcing 300 80 50 50 V/mV 
Sinking 35 20 15 15 V/mV 
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min 


© 
NO 
ao wn 
“NO 
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NO 


NO 
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“NO 
ao Oo 
Ny oO 
ao oo 
oOo Oo 














R, = 600Q 
(Notes 7, 13) 


LMC6482 


DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, vs = 5V, V" = OV, Vem = Vo = ve and RL. > 1M. Boldface 
limits apply at the bal esc extremes. 
Limit 


Symbol Parameter Conditions LMC6482Al | LMC6482I 
(Note 5) Limit Limit 

Output Swing = 5V 4.8 4.8 4.8 V 
0. 0.18 0.18 0.18 V 
47 4.5 4.5 4.5 V 
0.3 0.5 0.5 V 
14.7 14.4 14.4 14.4 Vv 
0.16 0.32 0.32 0.32 V 
Vt = 15V 14.1 13.4 13.4 13.4 V 
1.0 1.0 1.0 V 
Sourcing, Vo 7 Ov 16 16 mA 
Sinking, Vo = 5V 11 11 mA 
Sourcing, Vo = OV mA 


| LMC6482M | Units 




















Vt = 5V 
R, = 600Q to V*/2 
















Vt = 15V 
R, = 2 kQ to V*/2 


Output Short Circuit 
Current 
Vt = 5V 





Isc 


Output Short Circuit 
Current 


Isc 










Vt = 15V Sinking, Vo = 12V mA 

(Note 8) min 

Is Supply Current Both Amplifiers mA 
V* = +5V, Vo = V*/2 max 

Both Amplifiers ; mA 

V* = 15V, Vo : : ‘ | max 


= V*+/2 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V- = OV, Voy = Vo = V*/2, and R, > 1M. Boldface 
limits apply at the temperature extremes. 







Symbol Parameter Conditions Typ LMC6482Al | LMC64821 |LMC6482M | Units — 
| (Note 5) ) Limit Limit Limit 
(Note 6) (Note 6) (Note 6) 





Slew Rate (Note 9) 1.0 0.9 V/us 
aon | Gan bowen Pome [Wate 
ee eee 
Gn a aaa ste ogee bed ered dB 


ee a aB 

e, Input-Referred = 1 kHz $1.4. 

in Input-Referred F=1kHz ~ .03 pA/VHz 
see fk bef 
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AC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V- = OV, Voy = Vo = V*/2, and R, > 1M. Boldface 
limits apply at the temperature extremes. 






LMC6482Al 
Limit 


LMC6482! 
Limit 
(Note 6) 


LMC6482M | Units 


















Total Harmonic Distortion F = 10 kHz, Ay = -2 
R, = 10 kQ, Vo = 4.1 Vpp 
F = 10 kHz, Ay = -2 
R, = 10 kQ, Vo = 8.5 Vpp 


Vt = 10V 












DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 3V, V~ = OV, Voy = Vo = V*/2 and Ry > 1M. 


Symbol Parameter Conditions Typ LMC6482Al | LMC64821 | LMC6482M Units 
(Note 5) Limit Limit Limit 
Vos Input Offset Voltage 2.0 3.0 3.0 mV 


TCVos Input Offset Voltage yVv/°C 
Average Drift 





ls Input Bias Current pA 
pA 


dB 


0.01 


los Input Offset Current 
CMRR Common Mode OV < Vom s 3V 
Rejection Ratio 


el 
aie 
PSRR Power Supply 3V < V* < 15V, V- = OV 
Input Common-Mode For CMRR = 50 dB V~ -0.25 V 
Vt + 0.25 Vt Vt Vt V 
eee 
fhe 


2.0 
74 
min 
dB 


NO 
© 







© 
ine) 


Voltage Range 
Vo Output Swing R, = 2 kQ to V*/2 : V 
: V 
R, = 600Q to V*/2 : V 
min 


V 


0.37 
Supply Current Both Amplifiers 0.825 1.2 12 1.2 mA 


AC Electrical Characteristics 
Unless otherwise specified, V* = 3V, V~ = OV, Vom = Vo = V*/2, and R, > 1M. 


Parameter Typ 
(Note 5) 
( ) 


Slow Rate woe) —SSC~idSC‘ 
GainBandwidth Product’ [| ——S~S~sC 


Total Harmonic Distortion F = 10 kHz, Ay = -2 
Ry. = 10 kQ, Vo = 2 Vpp 


Note 1: Absolute Maximum Ratings indicate limts beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a Class 1 device rating. 


ao 
no 
N 














LMC6482AI 
Limit 






LMC6482! 
Limit 


LMC6482M 
Limit | 
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LMC6482 


AC Electrical Characteristics (continued) 


Note 3: 


Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceorlng the 


maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: 


The maximum power dissipation is a function of Tjmax), 89a, and Ta. The maximum allowable power dissipation at any ambient temperature i is Pp= (Ty(max) 


— T,)/Oya. All numbers apply for packages soldered directly into a PC board. 


Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 


Note 10: 
Note 11: 
Note 12: 
Note 13: 
Note 14: 


Typical Values represent the most likely parametric norm. 
All limits are guaranteed by testing or statistical-analysis. 
Vt = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 3.5V < Vo <7.5V. 
Do not short circuit output to V*, when V* is greater than 13V or reliability will be adversely affected. 
V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 
Input referred, Vt = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 12 Vpp. 
Connected as voltage Follower with 2V step input. Number specified is the slower of either the positive or negative slew rates. 
Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 
Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 
For guaranteed Military Temperature parameters see RETS6482X. 
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National Semiconductor 


LMC6484 


CMOS Quad Rail-to-Rail Input and Output Operational 


Amplifier 


General Description 


The LMC6484 provides a common-mode range that extends 
to both supply rails. This rail-to-rail performance combined 
with excellent accuracy, due to a high CMRR, makes it 
unique among rail-to-rail input amplifiers. 

It is ideal for systems, such as data acquisition, that require 
a large input signal range. The LMC6484 is also an excellent 
upgrade for circuits using limited common-mode range am- 
plifiers such as the TLC274 and TLC279. 

Maximum dynamic signal range is assured in low voltage 
and single supply systems by the LMC6484’s rail-to-rail out- 
put swing. The LMC6484’s rail-to-rail output swing is guaran- 
teed for loads down to 600Q. 

Guaranteed low voltage characteristics and low power dissi- 
pation make the LMC6484 especially well-suited for 
battery-operated systems. 

See the LMC6482 data sheet for a Dual CMOS operational 
amplifier with these same features. 


3V Single Supply Buffer Circuit 


Rail-to-Rail Input 
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Features 


(Typical unless otherwise noted) 

m Rail-to-Rail Input Common-Mode Voltage Range 
(Guaranteed Over Temperature) 

m@ Rail-to-Rail Output Swing (within 20 mV of supply rail, 

100 kQ load) 

Guaranteed 3V, 5V and 15V Performance 

Excellent CMRR and PSRR: 82 dB 

Ultra Low Input Current: 20 fA 

High Voltage Gain (R, = 500 kQ): 

Specified for 2 kQ and 600Q loads 


130 dB 


Applications 

m Data Acquisition Systems 

m Transducer Amplifiers 

m Hand-held Analytic Instruments 

= Medical Instrumentation 

= Active Filter, Peak Detector, Sample and Hold, pH 
Meter, Current Source 

m Improved Replacement for TLC274, TLC279 


Rail-to-Rail Output 


Cee Le ee 





OV 


DS011714-2 


DS011714-3 
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LMC6484 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature Range 
Junction Temperature (Note 4) 


-65°C to +150°C 
150°C 


Operating Ratings (Note 1) 


www.national.com 


ESD Tolerance (Note 2) 2.0 kV Supply Voltage 3.0V < Vt < 15.5V 
Differential Input Voltage +Supply Voltage Junction Temperature Range . 
Voltage at Input/Output Pin (Vt) + 0.3V, (V7) -0.3V — LMC6484AM | -55°C<T is 4125°C 
Supply Voltage (V* - V>) 16V LMC6484Al, LMC64841 -40°C < Ty < +85°C 
Current at Input Pin (Note 12) +5 mA Thermal Resistance (05) Bag es 
Current at Output Pin N Package, 14-Pin Molded DIP 70°C/W 
(Notes 3, 8) +30 mA M Package, 14-Pin — a 7 
Current at Power Supply Pin 40 mA Surface Mount 110°C/W 
Lead Temp. (Soldering, 10.sec.) 260°C . 7 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Vt = 5V, V- = OV, Vom = Vo = v2 and R, > 1M. Boldface 
limits apply at the temperature extremes. 























































Typ LMC6484Al | LMC64841 | LMC6484M | 
Symbol Parameter. Conditions (Note 5) Limit Limit Limit Units 
| | (Note 6) (Note 6) 
Vos Input Offset Voltage 0.110 0.750 3.0 3.0 mV 
~TCVog | Input Offset Voltage uv/"C 
eno | TS | 
ia | Input Curent | (Wolo ta)—~—~—~=~*~dtC=CitS]S || tO | Amex 
ss (Note 13) Poor [20 | 20 | 50 | pAmax 
Cin Common-Mode 3 pF 
renown [| | | 
Fin | imputResstance | ————S~S~SsS=— tO YSSCSC*~‘“YSC“‘“‘CS3éNC*‘YC Oa 
CMRR | Common Mode OV < Vow < 15.0V, 82 - 70 ’ dB 
Rejection Ratio V* = 15V i 67 min 
OV < Voy < 5.0V 82 70 
+PSRR | Positive Power Supply | 5V < V* < 15V, 82 70 dB 
__| Rejection Ratio V- = OV, Vo = 2.5V 67 min 
-PSRR| Negative Power Supply | -5V < V- < -15V, 82 70 dB 
Vom Input Common-Mode Vt = 5V and 15V. V- -0.3 ~0.25 0.25 | -0.25 V 
. Voltage Range For CMRR > 50 dB 0 Gros" -6 max 
Vt + 0.3 V* + 0.25 V* + 0.25 V* + 0.25 V 
Ay Large Signal R, = 2kQ Sourcing 140 120 120 V/mV 
Sinking 75 35 35 35 V/mV 
R, = 600Q Sourcing 300 80 50 50 V/mV 
Sinking 35 20 15 15 V/mV 
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DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Voy = Vo = V*/2 and R, > 1M. Boldface 
limits apply at the temperature extremes. 


LMC6484Al | LMC6484I 


Limit Limit Limit 
(Note 6) (Note 6) (Note 6) 


Vo Output Swing V* = 5V 4.9 4.8 4.8 4.8 V 
0.1 0.18 0.18 0.18 V 
Vi = 5V 4.7 | 4.5 4.5 4.5 | V 
0.3 0.5 0.5 V 
Vt = 15V 14.7 14.4 14.4 14.4 V 
0.16 0.32 0.32 0.32 V 
Vt = 15V 14.1 13.4 13.4 13.4 V 
0 1.0 1.0 1.0 V 
16 16 16 


Typ LMC6484M 


Symbol Parameter Conditions (Note 5) 

























ie) 

Sinking, Vo = 5V 15 11 11 mA 
9.5 9.5 8.0 min 

Sourcing, Vo = OV 


Sinking, Vo = 12V 
(Note 8) | 

All Four Amplifiers 
VF = +5V, Vo = V2 max 


All Four Amplifiers 2.6 3.0 3.0 3.0 mA 
Vt = +15V, Vo = V*/2 —— 3.8 3.8 4.0 max 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T,; = 25°C, Vt = 5V, V~ = OV, Voy = Vo = V*/2 and R, > 1M. Boldface 
limits apply at the temperature extremes. 


Typ 
Symbol Parameter (Note 5 





Output Short Circuit 
Current 
V+ = 5V 


Sourcing, Vo = OV 








Isc 





fe 
— ] NO 
NO 
9 
So 
3 3 
s> 3} 


Output Short Circuit 
Current 
Vi = 15V 








oo 
ro) 
a) 
oS 
en) 
ro) 
wo 
ro) 
3 

> 





Supply Current 


nh rd) 

oO (o>) 
oO rm N 
© © N © 
o N 1 
QO © Np © 
o 
co © 

3 3 3 

> 5; > 





e, Input-Referred f= 1 kHz 37 


ee eee Br: 
nV/JHz 
Voltage Noise Vom = 1V 
In Input-Referred f = 1 kHz 0.03 pA/ Az 
Current Noise 
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) Units 

SR Slew Rate 1.3 V/us 

GBW a eee MHZ 

tn [Phase Marin S| SSSSSSCSCSC~C~iSCOCdSCC*d' Deg 

Gn [GainMargin | SSSCSC~d ST a8 
Amp-to-Amp isolation | (Note 10) ——S—~dY—=SCtO | 
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AC Electrical Characteristics (continued) 


Unless: otherwise specified, all limits guaranteed for T, = 25°C, Vt = 5V, V7 = OV, Vom = Vo = V*/2 and R, > 1M. Boldface - 
limits apply at the temperature extremes. 


LMC6484 












LMce6484m | 
Limit 
(Note 6) 









Parameter Conditions Units. 





f= 1 kHz, Ay = -2 
R, = 10 kQ, Vo = 4.1 Vpp 
f=10kHz,Ay=-2 © 
| Ry = 10 kQ, Vo = 8.5 Vpp 
V+ = 10V 


Total Harmonic Distortion 






DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for T, = 25°C, Vt = 3V, V- = OV, Voy = Vo = V*/2 and R, > 1M 










LMC64841 | LMC6484M 
Limit Limit 
(Note 6) (Note 6) 


LMC6484AI 
Limit 
(Note 6) 






; Typ 


TCVos_ | Input Offset Voltage 2.0 
Average Drift 

[input Bias Curent 

isa Input Offset Current 


Pee ead 
ee Neel 
CMRR_ | Common Mode | OVs Vom $ 3V 74 64 
Eee ea ee ee 
PSRR Power Supply 3V < Vi < 15V, V- = 0V 


eee! 

aa 
Vien Input Common-Mode_ | For CMRR > 50 dB V- - 0.25 V 
Vt + 0.25 vt vr Vt V 

earners neers 

rs ees 


min 
dB 








Output Swing | RL =2 kQ to V*/2 | 28 | 
| ie 


~ | Ry = 600Q to V*/2 2.7 2.5 2.5 2.5 V 
0.37 V 
Is Supply Current All Four Amplifiers 1.65 2.5 2.5 2.5 mA 


AC Electrical Characteristics 
Unless otherwise specified, V* = 3V, V" = OV, Vom = Vo = V*/2 and R, > 1M 


- | Typ |LMC6484Al | LMC6484I | LMC6484M 
Parameter . Conditions (Note 5) Limit Limit Limit 


; (Note 6) 
[SewRate —S—=«di Note) 
Gain-Bandwidth Product = [| si 


< 





Total Harmonic Distortion f = 10 kHz, Ay = -2 0.01 
; R, = 10 kQ, Vo = 2 Vpp 


“Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a class 2 device rating. 
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AC Electrical Characteristics (Continued) 


Note 3: 


mum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: 


Applies to both single supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the maxi- 





y8SP9OWT 


— Ta)/@y,a- All numbers apply for packages soldered directly into a PC board. 


Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 


Note 10: 
Note 11: 
Note 12: 
Note 13: 
Note 14: 


The maximum power dissipation is a function of Tjmax), 8ya, aNd Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Tmax) 1 


Typical Values represent the most likely parametric norm. 
All limits are guaranteed by testing or statistical analysis. 
V* = 15V, Vow = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 3.5V < Vo < 7.5V. 
Do not short circuit output to V*, when V* is greater than 13V or reliability will be adversely affected. 
V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 
Input referred, Vt = 15V and Ry = 100 kQ connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 12 Vpp. 
Connected as Voltage Follower with 2V step input. Number specified is the slower of either the positive or negative siew rates. 
Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 
Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 
For guaranteed Military Temperature Range parameters see RETSMC6484x. 
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LMC6492 Dual/LMC6494 Quad 
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National Semiconductor 


LMC6492 Dual/LMC6494 Quad — 
CMOS Rail-to-Rail Input and Output Operational 


Amplifier 


General Description 


The LMC6492/LMC6494 amplifiers were specifically devel- 
oped for single supply applications that operate. from -—40°C 
to +125°C. This feature is well-suited for automotive systems 
because of the wide temperature range. A unique design to- 
pology enables the LMC6492/LMC6494 common-mode volt- 
age range to accommodate input signals beyond the rails. 
This eliminates non-linear output errors due to input signals 
exceeding a traditionally limited common-mode voltage 
range. The LMC6492/LMC6494 signal range has a high 
CMRR of 82 dB for excellent accuracy in non-inverting circuit 
configurations. 

The LMC6492/LMC6494 rail-to-rail input is complemented 
by rail-to-rail output swing. This assures maximum dynamic 
signal range which is particularly important in 5V systems. 


Ultra-low input current of 150 fA and 120 dB open loop gain 
provide high accuracy and direct interfacing with high imped- 
ance sources. 


Connection Diagrams 


8-Pin DIP/SO 





~ DS012049-1 


Top View 


Features 


(Typical unless otherwise noted) 

w Rail-to-Rail input common-mode voltage range, 
guaranteed over temperature 

= Rail-to-Rail output swing within 20 mV of supply rail, 

100 kQ load 

Operates from 5V to 15V supply 

Excellent CMRR and PSRR-~ 82 dB 

Ultra low input current 150 fA 

High voltage gain (R, = 100 kQ) 120 dB 

Low supply current (@ Vg = 5V) 500 yA/Amplifier 

Low offset voltage drift 1.0 pV/°C 


Applications 

= Automotive transducer amplifier 
m Pressure sensor 

m Oxygen sensor 

m Temperature sensor 

m Speed sensor 


14-Pin DIP/SO 


OUT C 





DS012049-2 


Top View 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Differential Input Voltage 
Voltage at Input/Output Pin 


2000V 
-£Supply Voltage 
(V*) + 0.3V, (V-) - 0.3V 


Supply Voltage (V* — V-) 16V 
Current at Input Pin +5 mA 
Current at Output Pin (Note 3) +30 mA 
Current at Power Supply Pin 40 mA 
Lead Temp. (Soldering, 10 sec.) 260°C 


Storage Temperature Range -—65°C to +150°C 


DC Electrical Characteristics 


Junction Temperature (Note 4) 150°C 


Operating Conditions (Note 1) 


Supply Voltage 2.5V < V* < 15.5V 
Junction Temperature Range 
LMC6492AE, LMC6492BE 
LMC6494AE, LMC6494BE 


Thermal Resistance (8 ,,) 


-~40°C < T, $ +125°C 
-40°C < T, < +125°C 


N Package, 8-Pin Molded DIP 108°C/W 
M Package, 8-Pin Surface Mount 171°C/W 
N Package, 14-Pin Molded DIP 78°C/W 
M Package, 14-Pin Surface Mount 118°C/W 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V- = OV, Voy = Vo = V*/2 and R, > 1 MQ. Bold- 


face limits apply at the temperature extremes 


™ 


TCVos Input Offset Voltage 
Average Drift 


Ip 
los 
Rin 


Input Resistance 


OV < Voy < 15V 
Vt = 15V 


CMRR Common-Mode 


Rejection Ratio 















Input Bias Current (Note 11) 
Input Offset Current (Note 11) 


Cin Common-Mode 
Input Capacitance 
OV < Vow < 5V | 





+PSRR Positive Power Supply 5V < Vt < 15V, 

-PSRR | Negative Power Supply OV < V- < -10V, 
Rejection Ratio Vo = 2.5V 

Vom Input Common-Mode V* = 5V and 15V 
Voltage Range For CMRR = 50 dB 

Ay R_ = 2 kQ: Sourcing 


Large Signal Voltage Gain 


(Note 7) 


Sinking 
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LMC6492AE | LMC6492BE 
Typ LMC6494AE | LMC6494BE Units 
(Note 5) Limit Limit 

(Note 6) 

0.11 3.0 6.0 mV 
Pons | 200—*«| ~~ 200 —*«| pmax 
[0.075 | 100 | ‘100 —~|_pAmax 
fs | «dT SS~*dCra 
ee eee 

82 65 63 dB 

82 65 63 

82 65 63 dB 
i | 60 58 min 

82 65 63 dB 
4 60 58 min 

V- -0.3 —0.25 —0.25 V 

V*¥+0.3 V* + 0.25 V* + 0.25 V 
a 7 
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LMC6492 Dual/LMC6494 Quad 


DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = SV, V-= OV, Vem : = Vo = Vt/2 and R,; > 1 MQ. Bold- 
face limits apply at the temperature extremes 






LMC6492AE | LMC6492BE 

Typ LMC6494AE | LMC6494BE Units 
(Note 5) Limit Limit 
(Note =~) (Note 6) 









Parameter 2 | Conditions 






















Vo Output Swing Vt = 5V Vy 
| TR, = 2 kQ to V*/2 =a" _min 
0.18 0.18 V 
Vt = 5V V 
V 
Vt = 15V V 
R, = 2 kQ to V*/2 = min 
| V 
max 
Vt = 15V 14.4 V 
R, = 600Q to V*/2 : : min 
V 
max 
Isc Output Short Circuit Current Sourcing, Vo = OV 


V+ = 5V | Sinking, Vo = 5V 


Isc Output Short Circuit Current 





7 
Sourcing, Vo = OV 30 28 28 min 
oe | 
Sinking, Vo = 5V 30 30 30 
LMC6492 1.0 1.75 1.75 mA 
LMC6492 1.95 1.95 mA — 


LMC6494 | mA 
= 7 


V* = 15V 


Supply Current 


LMC6494. 
Vt = +15V, Vo = V*/2 max 
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AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes 


LMC6492AE LMC6492BE 
Symbol Parameter Conditions Typ LMC6494AE LMC6494BE Units 
(Note 5) Limit Limit 
ape — (Note 6) (Note 6) 
SR 


Slew Rate (Note 9) 1.3 0.7 0.7 Vus min 
| 0.5 0.5 





PEND P6PSDWTIENG 267991 































GBW__| Gain Bandwidth Proauct | v=tev——S~dSCi | CdYSSSCSCSCS~wC« 
Ses "an aA URNGES Se ian Rae Par 
Gn | GainMagin S| SSSSSCSC~—~SsSY S's S| TTCdCSSCSCSCS~dSCSC 
a LO a TE 
Cn Input-Referred nv 
in Input-Referred F = 1 kHz DA 
T.H.D Total Harmonic F = 1 kHz, Ay = -2 
Distortion R, = 10 kQ, Vo = -4.1 Vpp -——} 4} 
F = 10 kHz, Ay = -2 % 
R, = 10 kQ, Vo = 8.5 Vpp 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short operation at elevated ambient temperature can result in exceeding the maximum 
allowed junction temperature at 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax), 9ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
— T,)/8ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Vt = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 3.5V < Vo < 7.5V. 

Note 8: Do not short circuit output to V*, when V* is greater than 13V or reliability will be adversely affected. 

Note 9: Vt = 15V. Connected as voltage follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 10: Input referred, V* = 15V and R, = 100 kQ connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 12 Vpp. 

Note 11: Guaranteed limits are dictated by tester limits and not device performance. Actual performance is reflected in the typical value. 
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LMC6572/LMC6574 


ere es Semiconductor 


| LMC6572/LMC6574 Dual and Quad 


Low Voltage (2.7V and 3V) Operational Amplifier” 


General Description 


_ Low voltage operation and low power dissipation make the 


LMC6574/2 ideal for battery- powered systems. 


| 3V amplifier performance is backed by 2. 7V guarantees to 


ensure operation throughout battery lifetime. These guaran- 
tees also enable analog circuits to operate from the same 
3.3V supply used for digital logic. ; 
Battery life is maximized because each amplifier dissipates 
only micro-watts of power. 

The LMC6574/2 does not sacrifice functionality for low volt- 
age operation. The LMC6574/2 generates 120dB of 
open-loop gain just like a conventional amplifier, but the 
LMC6574/2 can do this from a 2.7V supply. 

These amplifiers are designed with features that optimize 
low voltage operation. The output voltage swings rail-to-rail 


_ to maximize signal-to-noise ratio and dynamic signal range. 


The common-mode input voltage range extends from 
800 mV below the positive supply to 100 mV below ground. 


This device is built with National’s advanced Double-Poly © 


Silicon-Gate CMOS process. 


' LMC6572 is also available in MSOP package which is al- 


most half the size of a SO-8 device. 


Connection Diagrams 


8-Pin DIP/SO/MSOP 


INVERTING INPUT A OUTPUT B 


NON=INVERTING INPUT A INVERTING INPUT B 


NON-INVERTING INPUT B 





DS011934-1 


Order Number LMC6572AIN, LMC6572BIN, 
LMC6572AIM, LMC6572AIMX, LMC6572BiIM, 
LMC6572BIMX, LMC6572BIMM or LMC6572BIMMX 
See NS Package Number NO8E, MO8A or MUA08A 
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Features 


(Typical unless otherwise noted) 

m™ Guaranteed 2.7V and 3V Performance — 

® Rail-to-Rail Output Swing (within 5 mV of supply rail, 
100 kQ load) 

Ultra-Low Supply Current: 
Low Cost 

Ultra-Low Input Current: 20 fA 

High Voltage Gain @ V5=2.7V, R,=100 ka: 
Specified for 100 kQ and 5 kQ loads 
Available in MSOP Package 


40 pA/Amplifier 


120 dB 


Applications 

m Transducer Amplifier 

m Portable or Remote Equipment 
= Battery-Operated Instruments 


_@ Data Acquisition Systems 


= Medical Instrumentation ~ 
m= Improved Replacement for TLV2322 and TLV2324 


14-Pin DIP/SO 
INPUT 47 Vv INPUT 37 
OUTPUT 4 | INPUT 4* | INPUT 3* | OUTPUT 3 





INPUT 2* | OUTPUT 2 


INPUT 27 
DS011934-2 


INPUT 1* 
INPUT 17 ye 


OUTPUT 1 


Order Number LMC6574AIN, LMC6574BiN, 
LMC6574AIM, LMC6574AIMX, LMC6574BIM or 
LMC6574BIMX 
See NS Package Number N14A or M14A 
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rm 
Absolute Maximum Ratings (Note 1) Junction Temperature (Note 4) 150°C 5 
If Military/Aerospace specified devices are required, 1 ee ; Ol 
please contact the National Semiconductor Sales Ottficel Operating Ratings (Note 1) y 
Distributors for availability and specifications. Supply Voltage DIV EV <11V S 
ESD Tolerance (Note 2) 2000V Junction Temperature Range © 
Differential Input Voltage +Supply Voltage LMC6572Al, LMC6572BI 40°C <T,<+85'C | QF 
Voltage at Input/Output Pin (V*) +0.3V, LMC6574Al, LMC6574BI -40C<T,<+85'C | * 
(V-) -0.3V Thermal Resistance (8,,) 
Supply Voltage (V* - V°) 12V N Package, 8-Pin Molded DIP 115°C/W 
Current at Input Pin +5 mA M Package, 8-Pin Surface Mount 193°C/W 
Current at Output Pin (Note 3) +10 mA MSOP Package, 8-Pin Mini SO 217°C/W 
Current at Power Supply Pin 35 mA N Package, 14-Pin Molded DIP 81°C/W 
Lead Temperature M Package, 14-Pin Surface Mount 126°C/W 
(Soldering, 10 Seconds) 260°C 
Storage Temperature Range ~65°C to +150°C 


2.7V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T,; = 25°C. Vt = 2.7V, V~ = OV, Vow = Vo = V*/2 and Ry > 1MQ. Bold- 
face limits apply at the temperature extremes. 
Limit Limit 


Symbol Parameter Conditions Typ 
(Note 5) 
(Note 6) (Note 6) 
Vos 


TCVos | Input Offset Voltage wi C 
Average Drift 
Tera Q 


Units 






LMC6574Bi 
LMC6572BI 












LMC6574AlI 
LMC6572AlI 






Common-Mode pF 
eee ee 

CMRR | Common Mode OV<s ees < 3.5V dB 

| +PSRR | Positive Power Supply 2.7V < Vi < SV, 75 67 60 dB 

-PSRR | Negative Power Supply -2.7V < V's -5V, dB 
























Vom Input Common-Mode V* = 2.7V and 3V -0.05 V 
Voltage Range for CMRR 2 50 dB aa a ae Max 

V* - 0.8 Vt — 1.0 V+ - 1.0 V 
Ay Large Signal R. = 100 kQ Sourcing 1000 | V/mV 
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LMC6572/LMC6574 


2.7V DC Electrical Characteristics (continued) a ee , 
Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V" = OV, Vou = Vo = V*/2 and R, >: 1MQ. Bold- 


face limits apply at the temperature extremes. ; 
Conditions Typ | LMC6574AI | LMC6574BI | Units 
| (Note 5) | tmces72al | LMC6572BI 
Limit Limit 


| Symbol Parameter 






; - . : (Note 6) © (Note 6) — 
Vo Output Swing Vi=e27V © 2.695 2.68 2.65 V 
3 a | 0.005 0.03 0.06 V 
Vb=27V | | 2.66 2.45 Vv 
0.15 0.25. Vv 


0.04 
3V 2,98 295 | V 
0.005 0.03 | 0.06 Vv 
“Vt = 3V | 2.96 2.85 2.75 V 
R. = 5 kQ to V*/2 1) oe | 2.65 Min 
| 0.04 0.15 0.25 V. 
Sourcing, Vo = OV. 4.0 mA 
aes 
4.0 3.0 





Isc | Output Short 
Circuit Current 


-_— NO 
a oO 


3.0 
2.0 Min 
Sinking, Vo = 2.7V 


. : mA 
Min 










Is | Supply Current Quad Package | 240 240 yA 
Quad Package — 240 240 A 
Vt = +8V, Vo = V*/2 Max 
Dual Package 120 120 UA 
Vis 42.7V, Vo = V2 _ Max 
Dual Package 120 120 | PAD 


2./V AC Electrical Characteristics | , 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = Vo = v+/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. ee a fe 





Symbol Parameter Conditions | Typ LMC6574Al | LMC6574BI | Units 
| | “| (Note 5) | tmces72at | LMC6572BI 
Be | Limit Limit : 
| | : (Note 6) (Note 6) | 
SR Slew Rate V* = 2.7V and 3V 30 30 V/ms- 
GEW | GainBandwith Product [ves av Sd 
Gq | Phase Margin PSS dg 
Gn | Gain Margin 
amp-o-Amp isolation | Note) ——SSCS~C te] Si 
en Input-Referred F = 1 kHz 45 nVNVHz 
Voltage Noise Vom = 1V Le 
[input Retered R= tee ———SS~*dtCo | Sid 
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2.7V AC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. 


Parameter Conditions Typ LMC6574Al | LMC6574BI 
(Note 5) | Lmces72Al | LMC6572BI 
Limit Limit 
(Note 6) (Note 6) 
es 





PLSSDINT/CLS9OWNT 


[CurentNowe | C™~—“~*S*S*S*S~*~é~sYSC“‘(SCYLC#C#§ 
Total Harmonic Distortion F = 10 kHz, Ay = -2 0.05 
Ry = 10 kQ, Vo = 1.0 Vpp 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. 





Note 4: The maximum power dissipation is a function of Tjmax), 9a, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (T ymax) — Ta)/8ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 3V, Voy = 1.5V and R, connected to 1.5V. For Sourcing tests, 1.5V < Vo < 2.5V. For Sinking tests, 0.5V < Vo < 1.5V. 
Note 8: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive and negative slew rates. 
Note 9: Input referred, V7 = 3V and R; = 100 kQ connected to 1.5V. Each amp excited in turn with 1 KHz to produce Vo = 2 Vpp. 
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LMC660 


/National Semiconductor 


LMC660 


CMOS Quad Operational Amplifier 


General Description 
The LMC660 CMOS Quad operational amplifier is ideal for 


operation from a single supply. It operates from +5V to +15V_ 
and features rail-to-rail output swing in addition to an input. 


common-mode range that includes ground. Performance 


| limitations that have plagued CMOS amplifiers in the past 


are not a problem with this design. Input Vos, drift, and 
broadband noise as well as voltage gain into realistic loads 
(2 kQ and 600Q) are all equal to or better than widely ac- 
cepted bipolar equivalents. 

This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 


See the LMC662 datasheet for a dual CMOS operational | 


amplifier with these same features. 


Features 

m@ Rail-to-rail output swing 
m Specified for 2 kQ and 600Q loads 
m@ High voltage gain: 126 dB 

m= Low input offset voltage: 3 mV 

a Low offset voltage drift: 1.3 uV/°C 


Connection Diagram 


14-Pin DIP/SO 





7 
DS008767-1 
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m@ Ultra low input bias current: 2 fA 

= Input common-mode range includes V- 

m™ Operating range from +5V to +15V supply 

# Iss = 375 pA/amplifier; independent of V* 

@ Low distortion: 0.01% at 10 kHz 

m™ Slew rate: 1.1 V/us 

m Available in extended temperature range (—40°C to 
+125°C); ideal for automotive applications 

m Available to Standard Military Drawing specification 


Applications 

@ High-impedance buffer or preamplifier 
m™ Precision current-to-voltage converter 
m™ Long-term integrator 

m Sample-and-Hold circuit 

m Peak detector 

® Medical instrumentation 

# Industrial controls 

= Automotive sensors 


LMC660 Circuit Topology (Each Amplifier) 


DS008767-4 
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Absolute Maximum Ratings (note 3) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Power Dissipation 
Junction Temperature 
ESD tolerance (Note 8) 


(Note 2) 
150°C 
1000V 


Differential Input Voltage 
Supply Voltage 
Output Short Circuit to Vt 
Output Short Circuit to V~ 
Lead Temperature 
(Soldering, 10 sec.) 
Storage Temp. Range 
Voltage at Input/Output Pins 
Current at Output Pin 
Current at Input Pin 
Current at Power Supply Pin 


Operating Ratings 


+Supply Voltage 
16V Temperature Range 
(Note 12) LMC660AI -40°C < T, < +85°C 
(Note 1) . LMC660C OC=T 24706 
Supply Voltage Range 4.75V to 15.5V 
260°C Power Dissipation (Note 10) 
-65°C to +150°C Thermal Resistance (0,,) (Note 11) 
(V*) + 0.3V, (V7) - 0.3V 14-Pin Molded DIP 85°C/W 
+18 mA 14-Pin SO 115°C/W 
+5 mA 
35 mA 


DC Electrical Characteristics 


Unless otherwise pari ans all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 


5V, V' = O0V, V 
Parameter 


CM = 


Input Offset Voltage 


Input Offset Voltage 
Average Drift 
Input Bias Current 


Input Offset Current 


Input Resistance 
Common Mode 
Rejection Ratio 
Positive Power Supply 
Rejection Ratio 
Negative Power Supply 
Rejection Ratio 

Input Common-Mode 
Voltage Range 


Large Signal 
Voltage Gain 





o = 2.5V and ai > 1M unless otherwise specified. 


LMC660AI LMC660C Units 


Limit Limit 
“ 4) (Note 4) 


mV 
pA 
pA 

OV < Vom S$ 12.0V 83 70 63 dB 
V* = 15V | = | 68 62 min 
5V <V* < 15V R 83 70 63 dB 
OV <V- <-10V dB 


= 5V & 15V -0.1 V 

- 1.9 - 2.3 - 2.3 V 
R, = 2 kQ (Note 5) 2000 V/mV 
Sinking 180 V/mV 
R,_ = 600Q (Note 5) 1000 220 150 V/mvV 
Sinking 250 100 50 V/mV 
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LMC660 


DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the lomperature extremes. V* = 
5V, V~ = OV, Vow = 1-5V, Vo = 2.5V and ail > 1M unless otherwise specified. : 


Parameter 


Output Swing 







Output Current 
Vt = 5V 


Output Current 
Vt = 15V 


Supply Current All Four Amplifiers 
~ Vo = 1.5V 








inca 4) 

eal Fea 

Vt = 5V S = or 78 

; 0.15 0.19 
a 

V+ = 5V | 4.61 4.41 4.27 

0.50 0.63 

14.63 14.50 14.37 

0.35 0.44 

13.90 13.35 12.92 

1.16 1.45 


Vt = 15V 
R, = 2kQ to V*/2 


Vt = 15V 
R, = 6002 to V*/2 


Sourcing, Vo = OV 


4 
& 
4 
=k 


NO 
+ 
oO 
ae 
G 


Sinking, Vo = 5V 


14 11 
Sourcing, Vo = OV 40 28 23 

25 21 
Sinking, Vo = 13V 39 28 23 
(Note 12) 24 20 


a_i, 
on 
No 
@ Mm 
Ny 
on 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V~ = OV, Voy = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


Parameter 


Slew Rate 


Gain-Bandwidth Product 
Phase Margin 

Gain Margin 

Amp-to-Amp Isolation 

Input Referred Voltage Noise 


Input Referred Current Noise 
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Conditions 


LMC660AI © LMC660C 
fore, 4) 
Limit Limit 
(Note 4) (Note 4) 


(Note 6) 


o oO 
NI © 


mN 


N 


(Note 7) 
F = 1 kHz 


F = 1 kHz 0.0002 
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Units 


max 
mA 
min 
mA 
min 
mA 
min 
mA 
min 
mA 
max 


Units 


~V/us 
min 
MHz 
Deg 
dB 
dB 


nV/JHz 
pA/VHz 


AC Electrical Characteristics (continued) 


Unless otherwise specified, ail limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 
5V, V- = OV, Vou = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


Typ LMC660AI LMC660C 
(Note 4) 
Limit Limit 
(Note 4) (Note 4) 


099901 











Parameter 











Total Harmonic Distortion F = 10 kHz, 0.01 
Ay = -10 
R, = 2 kQ, 
Vo = 8 Vpp 
Vt = 15V 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 2: The maximum power dissipation is a function of Tj(max), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax) 
— Ta)/O jp. 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 4: Typical values represent the most likely parametric norm. Limits are guaranteed by testing or correlation. 

Note 5: V* = 15V, Voy = 7.5V and R,_ connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 6: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 7: Input referred. V* = 15V and R, = 10 kQ connected to Vt/2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 8: Human body model, 1.5 kQ in series with 100 pF. 


Note 9: A military RETS electrical test specification is available on request. At the time of printing, the LMC660AMJ/883 RETS spec complied fully with the boldface 
limits in this column. The LMC660AMJ/883 may also be procured to a Standard Military Drawing specification. 


Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 6), with Pp = (Ty - Ta)/®Ja. 
Note 11: All numbers apply for packages soldered directly into a PC board. 
Note 12: Do not connect output to Vt when V* is greater than 13V or reliability may be adversely affected. 
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LMC662 


Luces2 : 
CMOS Dual Operational Am 


General Description 


The LMC662 CMOS Dual operational amplifier is ideal for 
operation from a single supply. It operates from +5V to +15V 
and features rail-to-rail output swing in addition to an input 
common-mode range that includes ground. Performance 
limitations that have plagued CMOS amplifiers in the past 
are not a problem with this design. Input Vos, drift, and 
broadband noise as well as voltage gain into realistic loads 
(2 kQ and 600Q) are all equal to or better than widely ac- 
cepted bipolar equivalents. 

This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. | 
See the LMC660 datasheet for a Quad CMOS operational 
amplifier with these same features. 


Features 

m@ Rail-to-rail output swing 

m Specified for 2 kQ and 600Q loads 
m@ High voltage gain: 126 dB 

m Low input offset voltage: 3 mV 

m Low offset voltage drift: 1.3 uV/°C 


Connection Diagram 


8-Pin DIP/SO 


OUTPUT A vt 


INVERTING INPUT A = OUTPUT B 


NON-INVERTING 


INPUT A INVERTING INPUT B 


NON-INVERTING 
INPUT B 





DS009763-1 
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plifier 


= Ultra low input bias current: 2 fA 

m Input common-mode range includes V~- 

m Operating range from +5V to +15V supply 

Iss = 400 pA/amplifier; independent of V+ 

Low distortion: 0.01% at 10 kHz 

Slew rate: 1.1 V/us 

Available in extended temperature range (-40°C to 
+125°C); ideal for automotive applications 

Available to a Standard Military Drawing specification 


Applications 

High-impedance buffer or preamplifier 
Precision current-to-voltage converter 
Long-term integrator 
Sample-and-hold circuit 

Peak detector 

Medical instrumentation 

Industrial controls 

Automotive sensors 


Typical Application 


Low-Leakage Sample-and-Hold 


OUTPUT 
INPUT 






0.1 wF POLYPROPYLENE 


S/H OR POLYSTYRENE 


DS009763-15 
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rc 
a a = 

Absolute Maximum Ratings (note 3) Junction Temperature 150°C | © 

If Military/Aerospace specified devices are required, ESD Tolerance (Note 8) 1000vV | & 

please contact the National Semiconductor Sales Office/ . : 

Distributors for availability and specifications. Operating Ratings (note 3) 

Differential Input Voltage +Supply Voltage Temperature Range 

Supply Voltage (V* — V>) 16V LMC662AI -40°C < T, < +85°C 

Output Short Circuit to V* (Note 12) LMC662C 0°;C <T,<+70°C 

Output Short Circuit to V- (Note 1) Supply Voltage Range 4.75V to 15.5V 

Lead Temperature Power Dissipation (Note 10) 

(Soldering, 10 sec.) 260°C Thermal Resistance (0,,) (Note 11) 

Storage Temp. Range -65°C to +150°C 8-Pin Ceramic DIP 100°C/W 

Voltage at Input/Output Pins (V*) +0.3V, (V~) -0.3V 8-Pin Molded DIP 101°C/W 

Current at Output Pin +18 mA 8-Pin SO 165°C/W 

Current at Input Pin +5 mA 8-Pin Side Brazed Ceramic DIP 100°C/W 

Current at Power Supply Pin 35 mA 

Power Dissipation (Note 2) 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. 
V* = 5V, V~ = OV, Vow = 1.5 o = 2.5V and R, > 1M unless otherwise specified. 


Parameter LMC662Al LMC662C Units 
noe 4) 
Limit Limit 
“ 4) (Note 4) 


Input Offset Voltage mV 
max 
Input Offset Voltage uv/’C 
Average Drift 

Input Bias Current pA 
max 
pA 


Input Offset Current 0.001 


Input Resistance TeraQ 


< 
< 


Common Mode OV < Vom Ss 12.0V dB 
Rejection Ratio V* = 15V min 
Positive Power Supply 5V<V*< 15V dB 
Rejection Ratio Vo = 2.5V min 
Negative Power Supply OV <V° <-10V dB 
Rejection Ratio min 


Input Common-Mode V* = 5V & 15V 
Voltage Range For CMRR 2 50 dB 


—0.1 -0. 


Max 


3 
@ 
x 


*~ 1.9 





a0) 
‘S 
re) 
< 


*- 2.5 *-2.4 min 





1 
150 







Large Signal R, = 2 kQ (Note 5) 2000 V/imV 

Voltage Gain Sourcing as min 
Sinking 180 V/mV 
R, = 600Q (Note 5) 1000 V/mV 
Sinking 100 V/imV 
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LMC662 


DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T; = 25°C. Boldface limits apply at the nee extremes. 
V* =5V, V" = OV, Vom = 1.5V, Vo = 2.5V and R, > 1M unless otherwise: specified. 


Parameter 


Output Swing 


Output Current 
Vt = 5V 


Output Current 
Vt = 15V. 


Supply Current 





Conditions 


(Note 4) 
Limit Limit 
4.82 4.78 
0.15 
4.41 4.27 | 
0.50 0.63 
14.63 14.50 14.37 
0.35 0.44 
13.90 13.35 12.92 
1.16 1.45 





Vt = 5V 
R, = 2 kQ to V+/2 


Vt = 5V 
R,, = 600Q to V+/2 


Vt = 15V 
R. = 2 kQ to V*/2 


Vt = 15V 
R, = 600 to V+/2 


Sourcing, Vo = OV 


on, 


Sinking, Vo = 5V 


oad 
ed 


Sourcing, Vo = OV 


Sinking, Vo = 13V 
(Note 12) 


Both Amplifiers 
Vo = 1.5V 


< 
ao) 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. 


V* = 5V, V- = OV, Vom = 1-5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


Parameter 


Slew Rate 


_Gain-Bandwidth Product 
Phase Margin 
Gain Margin 

_ Amp-to-Amp Isolation 
Input-Referred Voltage Noise 


Input-Referred Current Noise 


Total Harmonic Distortion 
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Conditions 


Typ LMC662Al LMC662C 
Limit Limit 
(Note 4) (Note 4) 





F = 10 kHz, Ay = -10 
Ri, = 2 kQ, Vo = 8 Vpp 


Vt = 15V 


a 2 
A e¢ 
oO 


°° 
a 
o° 
NI & 
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‘Units 


min 


max 


min 


max 


min 


max 


min 


max 
mA 
min 
mA 
min 
mA 
min 
mA 
min 
mA 
max 


Units 


V/us 


min 
MHz 
Deg 

dB 

dB 


nv/VHz 
pA/JHz 


% 


AC Electrical Characteristics (Continued) 


Note 1: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 2: The maximum power dissipation is a function of Tjmax), 89ya, aNd Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 
(T ymax) Ta)/8ya- 
Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 


tended to be functional, but do not guarantee specific performance limits. For guaranteed Seeicenate and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 4: Typical values represent the most likely parametric norm. Limits are guaranteed by testing or correlation. 

Note 5: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 6: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 7: Input referred. V* = 15V and Ry = 10 kQ connected to V*/2. Each amp excited in turn with 1 KHz to produce Vo = 13 Vpp. 

Note 8: Human body model, 1.5 kQ in series with 100 pF. 


Note 9: A military RETS electrical test specification is available on request. At the time of printing, the LMC662AMJ/883 RETS spec complied fully with the boldface 
limits in this column. The LMC662AMJ/883 may also be procured to a Standard Military Drawing specification. 


Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 8), with Pp = (Ty-Ta)/OJa- 
Note 11: All numbers apply for packages soldered directly into a PC board. 
Note 12: Do not connect output to Vt when V* is greater than 13V or reliability may be adversely affected. 
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CODON 


LMC7101 


www.national.com 


(V xatione: Semiconductor 


LMC71 01 


Tiny Low Power Operational Amplifier with Rail-To-Rail 


Input and Output 


General Description 


The LMC7101 is a high performance CMOS operational am- 
plifier available in the space saving SOT 23-5 Tiny package. 
This makes the LMC7101 ideal for space and weight critical 
designs. The performance is similar to a single amplifier of 
the LMC6482/4 type, with rail-to-rail input and output, high 
open loop gain, low distortion, and low supply currents. 


The main benefits of the Tiny package are most apparent in 
small portable electronic devices, such as mobile phones, 
pagers, notebook computers, personal digital assistants, 
and PCMCIA cards. The tiny amplifiers can be placed on a 
board where they are needed, simplifying board layout. 


Connection Diagram 


Features 

m Tiny SOT23-5 package saves spece-aaplcal circuit 
layouts take half the space of SO-8 designs 

m Guaranteed specs at 2.7V, 3V, 5V, 15V supplies 

m Typical supply current 0.5 mA at 5V 

m Typical total harmonic distortion of 0.01% at 5V 

@ 1.0 MHz gain-bandwidth 

= Similar to popular LMC6482/4 

m= Input common-mode range includes V~ and V* 

m Tiny package outside dimensions —120 x 118 x 56 mils, 
3.05 x 3.00 x 1.43 mm 


Applications 

= Mobile communications 
= Notebooks and PDAs 

m Battery powered products 
m Sensor interface 


5-Pin SOT23-5 
OUTPUT — Sir 
yees 
NON=INVERTING 3 4 INVERTING 
INPUT INPUT 
DS011991-2 


Top View 


Ordering Information 


Package Ordering information NSC Drawing Package 
Number Marking 


Supplied As 


LMC7101AIM5 MAO5A AOO0A 1k Units on Tape and Reel 


5-Pin SOT 23-5 


LMC7101AIM5X MAO5A AOOA 3k Units Tape and Reel 
LMC7101BIM5 MAOS5A A00B 1k Units on Tape and Reel 


LMC7101BIM5X MAO5A AOOB 3k Units Tape and Reel 


1-228 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Difference Input Voltage +Supply Voltage 
Voltage at Input/Output Pin (Vt) + 0.3V, (V7) - 0.3V 
Supply Voltage (V* - V7) 16V 
Current at Input Pin +5 mA 


2000V 


~—65°C to +150°C 
150°C 


Storage Temperature Range 
Junction Temperature (Note 4) 


Recommended Operating 
Conditions (note 1) 
Supply Voltage 

Junction Temperature Range 


LMC7101Al, LMC7101BI 
Thermal Resistance (0,,) 


2.7/V <V* < 15.5V 


-40°C < T, < +85°C 


LOLZOINT 





Current at Output Pin (Note 3) soc MO5A Package, 5-Pin Surface Mt. 325°C/W 
Current at Power Supply Pin 35 mA 
Lead Temp. (Soldering, 10 sec.) 260°C 


2./7V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 
face limits apply at the temperature extremes. 


LMC7101AI | LMC7101BI 
Symbol Parameter Conditions Ra 5) Limit Limit Units 


2.7V, V- = OV, Vom = Vo = V*/2 and R, > 1 MQ. Bold- 





Vos Input Offset Voltage =2.7V mV 
TCVos Input Offset Voltage uVv/°C 
ja 
a LT 
Rin a a a Tera 0 
CMRR Common-Mode OV < Vom S$ 2.7V 55 50 dB 
Vom Input Common-Mode Vt=V V 
Voltage Range For CMRR 2 50 dB min 
V 
max 
PSRR Power Supply V* = 1.35V to 1.65V dB 
Rejection Ratio V- = -1.35V to -1.65V min 





Vom = 0 


Cin Common-Mode Input pF 
comms | | 

Vo | Output Swing R= 2kR V min 

R= 10k V min 

ee ae Vmax 


Is Supply Current 0.81 0.81 mA 
0.95 0.95 max 


sR (Note 8 
GBW Gain-Bandwidth Product er 


MHz 


ee nT 
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LMC7101 


3V DC Electrical Characteristics : | ie. a « | 
Unless otherwise specified, all limits guaranteed for T,; = 25°C, V* = 3V, V~ = OV, Voy = 1.5V, Vo = V*t/2 and R, = 1 MQ. 
Boldface limits apply at the temperature extremes. ee . 


LMC7101Al 
Limit 
(Note 6) 


| LMC7101BI 
Limit 
(Note 6) 






Typ 
Conditions (Note 5) 










Symbol Parameter Units 


mV 
max 
uv/C 


Vos Input Offset Voltage 
TCVos | Input Offset Voltage 
Average Drift 
Input Current 
los Input Offset Current 
Rin Input Resistance 
CMRR Common-Mode OV < Vom S$ 3V 
Rejection Ratio V* = 3V 
Vom Input Common-Mode 
| Voltage Range 


pA max 
pA max 
Tera Q 
db 
| min . 


oO 
_— 
—_ 


© NiO |N re) : vielc a 
on Ni} | © =/alo 


“J 
AN 


oD 


For CMRR 2 50 dB _ min 





max 
dB 
min 


PSRR Power Supply V* = 1.5V to 7.5V 
Rejection Ratio V~ = -1.5V to -7.5V 





Vo = Vom = 9 | 


Cin Common-Mode Input F 
Capacitance 


Vo Output Swing R, = 2 kQ 


V min 
V max 
V min 
V max 
0.81 0.81 mA 
0.95 0.95 max 


R, = 600Q 


Go 
o>) 
; 


0.37 
Is Supply Current 
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5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Voy = 1.5V, Vo = V*/2 and R, = 1 MQ. 
Boldface limits apply at the temperature extremes. 


Typ LMC7101AlI LMC7101BI 
(Note 6) (Note 6) 
Vos Input Offset Voltage Vt = 5V 0.11 3 7 mV 
TCVos Input Offset Voltage 1.0 
1 


LOLZOINT 




















uV/’C 
a pA max 
los —'|:s Input Offset Current => || in ane: ae pA max 
CMRR Common-Mode OV < Vom S$ 5V 82 db 
+PSRR Positive Power Supply V* = 5V to 15V 82 dB 
Rejection Ratio V~ = OV, Vo = 1.5V ey min 


—PSRR Negative Power Supply V~ = -5V to -15V 82 70 65 dB 
Vom Input Common-Mode For CMRR 2 50 dB -—0.3 —0.20 -—0.20 V 
5.3 5.20 5.20 V 
Cin Common-Mode 3 pF 
a ee 
Vo Output Swing R, = 2 kQ 4.9 4.7 4.7 V 
0.1 0.18 0.18 V 
R, = 600Q 4.7 4.5 4.5 V 
0.3 0. 0.5 V 
| ats | ots | 
lsc Output Short Circuit Sourcing, Vo = OV 24 16 16 mA 
Sinking, Vo = 5V 19 11 11 mA 
Is Supply Current 0.5 0.85 0.85 mA 


5V AC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Voy = 1.5V, Vo = V*/2 and R,; = 1 MQ. 


Boldface limits apply at the temperature extremes. 
Typ LMC7101Al | LMC7101BI 
Parameter Conditions (Note 5) Limit Limit 
ave | | 


Total Harmonic = 10 kHz, Ay =- 
PSewrae S| t~—“~*~*~*s*—C—s~ésSC“<‘ }OTCYTSCOC~‘L'SC‘(CSCS 
[Gain_Bandwiath Prout [——SSSSC—~—“—~é~idYSCéaOCdTS TCS 





3 
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LMC7101 


15V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Vt = 15V, V" = ov, ‘oe 1 By, Vo = 


Boldface limits seal at the temperature extremes. 


Parameter 





Vos Input Offset Voltage 


lp Input Current 
los Input Offset Current 
Rin Input Resistance 


TCVos Input Offset Voltage - 
Average Drift 


CMRR Common-Mode OV < Vom S$ 15V 
— =| 
+PSRR Positive Power Supply V* = 5V to 15V 


V~ = -5V to -15V 








—PSRR Negative Power Supply 
Rejection Ratio 







Vom Input Common-Mode Vt = 5V 
Voltage Range For CMRR 2 50 dB 
Ay Large Signal R, = 2 kQ 









Voltage Gain (Note 7) 





Cin | Input Capacitance 


Output Swing 






Output Short Circuit 
Current 


Sourcing, Vo = OV 
(Note 9) 
Sinking, Vo = 12V 
(Note 9) 


Isc 
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Vt = OV, Vo = -1.5V 


Sourcing 
Sinking 


R,_ = 6002 Sourcing 
(Note 7) Sinking 
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Pe 5) 


LMC7101AI 


Limit 
(Note 6) 


Vi/2 and R, = 1 MQ. . 


LMC7101BI 
Limit 
(Note 6) 








Units 


mV max 
uVv/°C 


pA max 
pA max 
Tera Q 


15V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 15V, V~ = OV, Voy = 1.5V, Vo = V*/2 and R, = 1 MQ. 
Boldface limits apply at the temperature extremes. 


LOLZOWT 


























Typ LMC7101Al | LMC7101BI 

Symbol Parameter (Note 5) Limit Limit Units 
SR Slew Rate =e 1.1 0.5 0.5 V/us 
GBW | GainBandwidth Proauct[ve=tev S| tt | SCdTCSSSC*dCSCM 
Sa <A NR Ae” SN RES Ina 
e, Input-Referred 37 a || nV - 

Voltage Noise (= | Hz 
in Input-Referred 1.5 fA 
T.H.D Total Harmonic Distortion F = 10 kHz, Ay = - 0.01 % 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short operation at elevated ambient temperature can result in exceeding the maximum 
allowed junction temperature at 150°C. 


Note 4: The maximum power dissipation is a function of Tjmax), 89ya and Ta. The maximum allowable power dissipation at any ambient temperature is PD = (TJ¢max) 
- Tp)/Ojn. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 
Note 6: All limits are guaranteed by testing or statistical analysis. 
Note 7: V* = 15V, Voy = 1.5V and R, connect to 7.5V. For Sourcing tests, 7.5V < Vo < 12.5V. For Sinking tests, 2.5V < Vo < 7.5V. 


Note 8: Vt = 15V. Connected as a Voltage Follower with a 10V step input. Number specified is the slower of the positive and negative slew rates. R, = 100 kQ con- 
nected to 7.5V. Amp excited with 1 kHz to produce Vo = 10 Vpp. 


Note 9: Do not short circuit output to Vt when V* is greater than 12V or reliability will be adversely affected. 


1-233 www.national.com 


LMC7111 


National Semiconductor 


LMC7111 


Tiny CMOS Operational Amplifier with Rail-to-Rail Input 


and Output 


General Description 


The LMC7111 is a micropower CMOS operational amplifier 
available in the space saving SOT 23-5 package. This 
makes the LMC7111 ideal for space and weight critical de- 
signs. The wide common-mode input range makes it easy to 
design battery monitoring circuits which sense signals above 
the V* supply. The main benefits of the Tiny package are 
most apparent in small portable electronic devices, such as 


mobile phones, pagers, and portable computers. The tiny 


amplifiers can be placed on a board where they are needed, 
simplifying board layout. 


Specified at 2.7V, 5V, and 10V 

Typical supply current 25 yA at 5V 

50 kHz gain-bandwidth at 5V 

Similar to popular LMC6462 

Output to within 20 mV of supply rail at 100k load 
Good capacitive load drive 


Applications 

= Mobile communications 

= Portable computing | 
Current sensing for battery chargers 


rT] 
Features m Voltage reference buffering 
on m™ Sensor interface 
m Tiny SOT23-5 package saves space = Stable bias for GaAs RF amps 
m Very wide common mode input range 
Connection Diagrams 
8-Pin DIP 5-Pin SOT23-5 
Nc = 8 Nc OUTPUT — A 
INVERTING INPUT = Ly yr2 
ea 3 6 ouTPUT 
y- od ee NON-INVERTING 3 4 INVERTING 
INPUT INPUT 
DS012352-1 DS012352-2 
Top View Top View 
Actual Size 


4 | 





DS012352-19 


Ordering Information 





8-Pin DIP LMC7111BIN 






Package Ordering NSC Drawing Package Transport Media 
Information Number Marking 
ePinDIP__[UMC7ITIAIN [Nose [LMC7IT1AIN| Rais 
: LMC7111BIM5 | MAO5A A01iB 1k units Tape and Reel 
5-Pin SOT23-5 
LMC7111BIM5X| MAO5A A01B 3k Units Tape and Reel 
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Absolute Maximum Ratings (note 1) Lead Temp. (Soldering, 10 sec.) 260°C 
If Military/Aerospace specified devices are required, Storage Temperature Range -65°C to +150°C 
please contact the National Semiconductor Sales Office/ Junction Temperature (Note 4) 150°C 


Distributors for availability and specifications. 


Operating Ratings (note 1) 


ESD Tolerance SOT23-5 (Note 2) 2000V 
ESD Tolerance DIP Package Supply Voltage 25V<Vt<11V 
(Note 2) 1500V Junction Temperature Range 


Differential Input Voltage 
Voltage at Input/Output Pin 


+Supply Voltage 
(V*) + 0.3V, (V>) — 0.3V 


LMC7111Al, LMC7111BI 
Thermal Resistance (6,,) 


-40°C < T, < +85°C 


Supply Voltage (V* — V-) 11V N Package, 8-Pin Molded DIP 115°C/W 
Current at Input Pin +5 mA MOSA Package, 

Current at Output Pin (Note 3) +30 mA 5-Pin Surface Mount 325°C/W 
Current at Power Supply Pin 30 mA 


2./V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. | 





Typ 
Vos Input Offset Voltage V* = 2.7V mV 
TCVos Input Offset Voltage 2.0 uVv/’C 
momo fT LL 
lp Input Bias Current (Note 9) 0.1 1 1 pA 
los Input Offset Current (Note 9) 0.01 0.5 0.5 pA 
in | tnputRessiance «| SSSSC~=“~*~*~—‘“—s~*~sSC‘CSCSdSSSS*~“‘*‘“‘*‘*SSC*‘“‘(C‘*WYCTeratg 


55 55 dB 
50 50 min 














—PSRR Negative Power Supply 55 55 dB 
Rejection Ratio 50 50 min 
Vom Input Common-Mode Vt =2.7V 







Voltage Range For CMRR = 50 dB 


Vo Output Swing 


Output Short Circuit 
Current 


2.7 2.7 V 

a ee 

2.69 2.68 2.68 V 
V 
max 
V 
min 
V 
max 
7 mA 
a 0.7 0.7 min 


0.7 0.7 min 


—0.10 0.0 0.0 V 
0.40 0.40 min 







Sourcing, Vo = OV 





Isc 





Sinking, Vo = 2.7V 
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LMC7111 


2.7V DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V- = ov, Vow =Vo= iG and Ri > 1 MQ. Bold- 
face limits apply at the temperature extremes. ! 
















~ LMC7111Al 
Limit 


LMC7111Bl 
Limit 
(Note 6) | 


Typ 
(Note 5) 














Symbol Parameter Conditions 






Voltage Gain Sourcing 


Sinking 


Supply Current Vt = +2.7V, 
Vo = Vt/2 


2./V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. 
Limit Limit 


Typ 
Parameter Conditions (Note 5) 
| (Note 6) (Note 6) 


eee Ca A 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature at 150°C. 




















LMC7111Al LMC7111BI 









Note 4: The maximum power dissipation is a function of Tjmax), 89ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax) 
— T,)/Oj,q. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 
_Note 6: All limits are guaranteed by testing or statistical analysis. 
Note 7: V‘ = 2.7V, Voy = 1.35V and R, connected to 1.35V. For Sourcing tests, 1.35V < Vo < 2.7V. For Sinking tests, 0.5V < Vo < 1.35V. 


Note 8: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive and negative slew rates. Input referred, V* = 2.7V and 
Ry = 100 kQ connected to 1.35V. Amp excited with 1 kHz to produce Vo = 1 Vpp. 


Note 9: Bias Current guaranteed by design and processing. 


3V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 3V, V~ = OV, Voy = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. 








LMC7111BI 
Limit 
(Note 6) 







LMC7111Al 
Limit 
(Note 6) 







Input Common-Mode 






Voltage Range 
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3.3V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 3.3V, V~ = OV, Vow = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. 


Input Common-Mode = 3.3V 


LMC7111Al 
Limit 
(Note 6) 


LMC7111B! 
Limit 
(Note 6) 


-0.25 -0.1 —-0.1 
3.4 3.4 
alll ee 


5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vow = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. 


Input Offset Voltage = 5V mV 
Input Offset pvelage uV/’C 
a an i a 


Vos 


TCVos 


Avot 











Input Resistance 

Common Mode OVs<s eo < 5V 

Rejection Ratio 

Positive Power Supply 5V < V* <10V, 

Rejection Ratio 
Negative Power Supply -5V< v- IOV, 
Rejection Ratio V~ = OV, Vo = -2.5V 


Input Common-Mode Vt = 5V 
Voltage Range For CMRR = 50 dB 


Common-Mode Input 
Capacitance 


Output Swing 








n= 100 kQ 


+= 5V 
ee 


Sourcing, Vo = OV 


Output Short Circuit 
Current 






Sinking, Vo = 3V 





Voltage Gain Sourcing 


Sinking 


Supply Current Vt = +5V, 
Vo = V*/2 
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4.99 
0.01 
4.98 
0.02 


LMC7111Al 


Limit 


LMC7111Bl 
Limit Units 





(Note 6) 


end 
-0.20 
5.20 
ei 


4.98 


(Note 6) 


pA 
max 
pA 
max 
Tera Q 
dB 
min 
dB 
min 
dB 
min 
—0.20 V 
0.00 min 
5.20 V 
5.00 max 
pF 


jo) 
uo 


oO; 
=| co 


4.98 Vmin 
0.02 Vmax 
Vmin 
Vmin 
mA 
min 
mA 
min 
V/mv 
min 
V/mv 
min 
UA 
max 
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5V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vou = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. | 


; Typ LMC7111Al | LMC7111BI 
‘Parameter Conditions (Note 5) Limit Limit 
Slew Rate Positive Going Slew Rate 0.027 0.015 0.010 
ac Felecia ae 
a a ce Ne ee 


Gain-Bandwidth Product 


Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 11: Human body model, 1.5 kQ in series with 100 pF. 


Note 12: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature at 150°C. 













Note 13: The maximum power dissipation is a function of Ty(max): 8ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax) 
- Ta)/8ja. All numbers apply for packages soldered directly into a PC board. 


Note 14: Typical Values represent the most likely parametric norm. 
Note 15: Alli limits are guaranteed by testing or statistical analysis. 
Note 16: V* = 5V, Voy = 2.5V and R, connected to 2.5V. For Sourcing tests, 2.5V < Vo < 5.0V. For Sinking tests, 0.5V < Vo < 2.5V. 


Note 17: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive slew rate. The negative slew rate is faster. Input referred, 
V+ = 5V and R, = 100 kQ connected to 1.5V. Amp excited with 1 kHz to produce Vo = 1 Vpp. 


Note 18: Bias Current guaranteed by design and processing. 


10V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 10V, V~ = OV, Vow = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. } 


Typ LMC7111Al LMC7111Bl 
| (Note 6) (Note 6) 
Vos Input Offset Voltage V* = 10V 3 
mo em 
TCVos Input Offset Voltage 2.0 
Fae 





=| 
< 


uv/’C 


i: 
=) 
ro) 
x 


oo 











Ip Input Bias Current 0.1 pA 
los Input Offset Current 0.01 0.5 0.5 — pA 
+PSRR Positive Power Supply BV < Vt <10V, | dB 
—PSRR Negative Power Supply -5V<V <-10V, dB 
Rejection Ratio . V- = OV, Vo = 2.5V a a ae min 

Vom Input Common-Mode V* = 10V -0.2 —0.15 -—0.15 V 
Voltage Range For CMRR 2 50 dB min 

10.2 10.15 10.15 V 

Cin Common-Mode Input 3 pF 

ea a 
Isc Output Short Circuit Sourcing, Vo = OV 20 20 mA | 

Current (Note 9) : 7 7 min 
Sinking, Vo = 10V 30 20 20 mA 
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10V DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 10V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. 


LLLZOWT 





Typ LMC7111Al LMC7111BI 
Symbol Parameter Conditions (Note 5) Limit Limit Units 
(Note 6) 
Avot Voltage Gain Sourcing 500 V/mv 
100 kQ Load min 
Sinking 200 Vimv 
min 
Is Supply Current V* = +10V, 25 yA 


Vo Output Swing V" = 10V [999098 ~| 9.98 «| Vmin 


10V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 10V, V~ = OV, Vom = Vo = V*/2 and R, > 1 MQ. Bold- 
face limits apply at the temperature extremes. 





Symbol Conditions Units 
SR vis 
GBW | Gain-Bandwiath Product [ kHz 
Gm | Phase Marin | deg 
Gn | GainMargin | dB 
Input-Referred nV 

Voltage Noise VHz 

pA 

Hz 





Note 19: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 20: Human body model, 1.5 kQ in series with 100 pF. 

Note 21: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature at 150°C. 

Note 22: The maximum power dissipation is a function of T ymax), 8yq and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
— T,a)/Oja. All numbers apply for packages soldered directly into a PC board. 

Note 23: Typical Values represent the most likely parametric norm. 

Note 24: All limits are guaranteed by testing or statistical analysis. 

Note 25: V* = 10V, Voy = 5V and R, connected to 5V. For Sourcing tests, 5V < Vo < 10V. For Sinking tests, 0.5V < Vo < 5V. 

Note 26: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive and negative slew rates. Input referred, V* = 10V and 
R, = 100 kQ connected to 5V. Amp excited with 1 KHz to produce Vo = 2 Vpp. 

Note 27: Operation near absolute maximum limits will adversely affect reliability. 
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LMC8101 


National Semiconductor 


Rail-to-Rail Input and Output, 2.7V Op Amp in 
micro SMD package with Shutdown 


General Description 


The LMC8101 is a Rail-to-Rail Input and Output high perfor- 
mance CMOS operational amplifier. The LMC8101 is ideal 
for. low voltage (2.7V to 10V) applications requiring 
Rail-to-Rail inputs and output. The LMC8101 is supplied in 
the die sized micro SMD as well as the 8 pin MSOP pack- 
ages. The micro SMD package requires 75% less board 
space as compared to the SOT23-5 package. The LMC8101 
is an upgrade to the industry standard LMC7101. 

The LMC8101 incorporates a simple user controlled method- 
ology for shutdown. This allows ease of use while reducing 
the total supply current to 1nA typical. This extends battery 
life where power saving is mandated. The shutdown input 
threshold can be set relative to either V* or V~ using the SL 
pin (see Application Note section for details). 

Other enhancements include improved offset voltage limit, 
three times the output current drive and lower 1/f noise when 
compared to the industry standard LMC7101 Op Amp. This 
makes the LMC8101 ideal for use in many battery powered, 
wireless communication and Industrial applications. 


Connection Diagrams 


8-Pin MSOP — 


SL 
Inverting Input 


Non-Inverting Input 





* No Internal Connection 


DS101240-79 


Top View 


Features 


Vs = 2.7V, Ta = 25°C, R, to V*/2, Typical values unless 
specified. 


m@ Rail-to-Rail Inputs 

m Rail-to-Rail Output 
Swing Within 35mV of Supplies (Rp =2kQ) 

m Packages Offered: 
™ =§=©6micro SMD package 1.39mm x 1.44mm 
m= MSOP package 3.0mm x 4.9mm 
m Low Supply Current <imA (max) 
m Shutdown Current’ 1A (max) 
m= Versatile Shutdown feature 10us turn-on 
= Output Short Circuit Current 10mA 
m Offset Voltage +5 mV (max) 
m Gain-Bandwidth 1MHz 
m Supply Voltage Range 2.7V-10V 
m THD 0.18% 
m Voltage Noise 36 NV 
JHz 


Applications 

m Portable Communication (voice, data) 

= Cellular Phone Power Amp Control Loop 
m= Buffer AMP 

m™ Active Filters 

m= Battery Sense 

m VCO Loop 


micro SMD 


Inverting Input 


5 
Non-Inverting 
Input 





DS101240-80 


Top View 
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Absolute Maximum Ratings (Note 1) 


Storage Temperature Range -65°C to +150°C 


LOLSOW1 





If Military/Aerospace specified devices are required, Junction Temperature(Note 4) +150°C 

please contact the National Semiconductor Sales Office/ Soldering Information 

Distributors for availability and specifications. Infrared or Convection (20 sec.) 235°C 

ESD Tolerance 2KV (Note 2) Wave Soldering (10 sec.) 260°C 
200V (Note 13) ; : 

Vin differential +/-Supply Voltage Operating Ratings (Note 1) 

eae =i a euleren (Notes 3, 11) Supply Voltage (V* - V-) 2 7V to 10V 

supply woltage (= ) Met Junction Temperature Range 

Voltage at Input/Output pins V+ +0.8V, V~ -0.8V (Note 4) ~40°C to +85°C 

Current at Input Pin +/-10mA Package Thermal Resistance (6,,) (Note 4) 

Current at Output Pin micro SMD 220°C/W 

iNotes 9):12) . sells MSOP pkg. 8 pin Surface Mount 230°C/W 

Current at Power Supply pins +/—80MA 


2.7V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = Vo = V*/2 and R, > 1 MQ to V*/2. 
Boldface limits apply at the temperature extremes. 





(Note 5) (Note 6) 
+7 max 
TOVos__| input Offset Voltage Average Ot [| SSC~=“~*‘~*~*é~*SC“‘ M™*UTSOC*‘“‘(W’#&WWC«SG 
max 
max 
Gncm | Input Common Mode Capacitance | ——=SS~CS~s—sSCiOS*dYSSSCSCS~*dCSCi 
CMRR Common Mode Rejection Ratio OV<=Vom<=27V | 78 | 60 | dB 
OV < = Vom < = 3V 60 
48 min 
CMVR Input Common-Mode Voltage Range Vs = 2.7V V 
CMRR > = 50dB max 
min 
Vs = 3V -0.2 -0.1 V 
CMRR > = 50dB max 
min 
Avot Large Signal Voltage Gain Sourcing pee 4000 
R, = 2kQ to V*t/2 3162 562 
Vo = 1.35V to 2.45V VIN 
Sinkin min 
— go 
Vo = 1.35V to 0.25V 
Sourcin 
Vo = 1.35V to 2.65V VN 
Sinkin min 
Vo = 1.35V to 0.05V . 
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LMC8101 


2.7V Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V- = OV, Vow = Vo = Vila and R, > 1 MQ to V*/2. 


Boldface limits apply at the temperature extremes. 


ak 
xo) 


Vo Output Swing R, = 2kQ to V*/2 
High Vip = 100mV_ 
R, = 10kQ to V*/2 
Vip = 100mV 


Output Swing 
Low 


Vip = —1 0oOmvV 


R, = 10kQ to V*/2 
Vip = —100mV 


Sourcing to V*/2 

Vip = 100mvV (Note 11) 
Sinking to V*/2 

Vip = —100mV (Note 11) 
No load, normal operation 


NO —s 
© 


Isc Output Short Circuit Current 





Is Supply Current 


Shutdown mode 


Tee Shutdown Turn-on time Note 9) 
Tost Shutdown Turn-off time Note 9) 


lin “SL” and “SD” Input Current 


SR Slew Rate (Note 8) Ay = +1, Ry = 10kQ to V*/2 


fy Unity Gain-Bandwidth V, = 10mV, R, = 2kQ to V*/2 
GBW Gain Bandwidth Product f = 100KHz 


e, Input-Referred Voltage Noise f = 10KHz, Rg = 50Q 
in Input-Referred Current Noise f = 10KHz 


THD Total Harmonic Distortion f = 1KHz, AV = +1, 
Vo = 2.2Vpp, 





—_—, 


— 


< 
| 
< 
v 
= 






R, = 6002 to V*/2 


+/-5V Electrical Characteristics 


T 
(Note 5) 


2.67 
2.69 


32 


oO 


—h 


0 


0.70 


0.001 


oO 


750 


on 


>) 
moh, 
foe) 


Limit 


(Note 6) 


2.64 
2.62 


2.68 


2.67 =|: « 


® 
oO 


oO 


Units 


V 


~  omin » 


V 
min — 
mV 
max 
mV 
max 
mA 
min 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ =5V, V- = -5V, Vom = Vo = OV, and R, > 1 MQ to gnd. 


Boldface limits apply at the temperature extremes. 
Symbol Parameter Conditions 


Vos Input Offset Voltage 


TCVo5 Input Offset Voltage Average Drift 


Ip Input Bias Current (Note 7) 
los Input Offset Current 


Rin cm Input Common Mode Resistance 
Cin om Input Common Mode Capacitance 


CMRR Common-Mode Rejection Ratio —5V < = Voy < = 5V 
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; 


It + 
LE ; ; 


Typ 
(Note 5) 


+ 
a's 


=| 9° 
io) ol 


© 
N 


Limit 
(Note 6) 
+5 


70 


Oo 
NJ 


Units 


mV 
max 


uv/’C 
pA 
max 
pA 
max 
GQ 
pF 
dB 
min 


+/—5V Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* =5V, V7 = —-5V, Ven = Vo = OV, and R, > 1 MQ to gnd. 
Boldface limits apply at the temperature extremes. 


Symbol 


PSRR 


CMVR 


Avo 


Vo 


THD 


Parameter Conditions Typ Limit 
(Note 5) (Note 6) 
Power Supply Rejection Ratio Vs = 5V to 10V 


Input Common-Mode Voltage Range CMRR = 50 dB -5.3 
5.3 


Large Signal Voltage Gain Sourcing 
R_ = 6002 

Vo = OV to 4V 
Sinking 
R, = 600Q 
Vo = OV to -4V 
Sourcing 
R, = 2kQ 
Vo = OV to 4.6V 
Sinking 
R, = 2kQ 
Vo = OV to -4.6V 


-5.2 


galg diy ~ 
ONS wn © 


















34.5 oe 


10 
17.8 
31.6 
31.6 

10 


138 
4.73 





















Output Swing R, = 6000 4.60 
High Vip = 100mV 4.54 

Ry = 2kQ 4.90 . 4.85 

Vip = 100mV 4.83 
Output Swing R, = 600Q —4.85 -4.75 
Low Vip = -100mV 

Ry = 2kQ -4.95 4.90 

Vip = -100mV -4.84 


Output Short Circuit Current Sourcing, Vip = 100mV 


(Note 3),(Note 11) 


Sinking, Vip = —100mMV 
(Note 3),(Note 11) 


Supply Current No load, normal operation 


Shutdown mode 0.001 
Shutdown Turn-on time (Note 9) 
Shutdown Turn-off time (Note 9) 


ia ic ia ‘a — (_.. 

Slew Rate Ay = +10, Ry = 10kQ, 

(Note 8) Vo = 10Vpp, C, = 1000pF 

Unity Gain-Bandwidth V, = 10mV 840 
R. = 2kQ 


Gain Bandwidth Product f = 10KHz 


Input-Referred Voltage Noise f = 10KHz, R, = 50Q 
Input-Referred Current Noise f = 10KHz 


Total Harmonic Distortion f = 10KHz, AV = +1, 0 
Vo =8Vpp, Ry = 6000 


co 
N ® 
o1 © 


te | ee 
oN 





— 
(an) 
Ol 


1.1 
1 
+1 
1.2 


_ 
wo 


33 
1.5 
2 
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Units 


dB 
min 

V 
max 


V 
min 


V/mV 
min 


V/mV 
min 
V 


min 
V 
min 
V 
max 
V 
max 
mA 
min 
mA 
min 
mA 
max 
UA 
US 
US 
pA 
max 
V/us 


KHz 


MHz 
nV 
(Hz 


tA 
VHz 
% 
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LMC8101 


+/—5V Electrical Characteristics (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guarantesd specifications and the test conditions, see the Electrical Characteristics. : . 


Note 2: Human body model, 1.5kQ in series with 100pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature at 150°C. Output currents in excess of 40mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax), 9ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 


(T ymax) 
~ T,)/Oj,. All numbers apply for packages soldered directly onto a PC board. 


' Note 7: 


Note 5: 
Note 6: 


Typical Values represent the most likely parametric norm. 
All limits are guaranteed by testing or statistical analysis. 
Positive current corresponds to current flowing into the device. 
Note 8: 
Note 9: 


Slew rate is the slower of the rising and falling slew rates. 


set for Rail to Rail output swing with a 100KHz sine wave, 2KQ load, and Ay = +10. 


Note 10: 
Note 11: 
Note 12: 
Note 13: 


Short circuit test is a momentary test. See Note 12. 


machine Model, 0Q in series with 200pF. 
Application Notes 


Shutdown features: 


The LMC8101 is capable of being turned off in order to con- 
serve power. Once in shutdown, the device supply current is 
drastically reduced (1uA maximum) and the output will be 
"Tri-stated”. 


The shutdown feature of the LMC8101 is designed for flex- 
ibility. The threshold level of the SD input can be referenced 
to either V’.or V* by setting the level on the SL input. When 
the SL input is connected to V’, the SD threshold level is ref- 
erenced to V and vice versa. This threshold will be about 
1.5V from the supply tied to the SL pin. So, for this example, 
the device will be in shutdown as long as the SD pin voltage 
is within 1V of V. In order to ensure that the device would not 
“chatter” between active and shutdown states, hysteresis is 
built into the SD pin transition (See Figure 7 for an illustration 
of this feature). The shutdown threshold and hysteresis level 
are independent of the supply voltage. Figure 7 illustration 


applies equally well to the case when SL is tied to V* and the . 


horizontal axis is referenced to V* instead. The SD pin 
should not be set within the voltage range from 1.1V to 1.9V 
of the selected supply voltage since this is a transition region 
and the device status will be undetermined. 


pane seme 
> os ot a 














0 0.25 0.50 0.75 1.0° 1.25 1.50 1.75 


SD Pin (V) 
DS101240-82 


FIGURE 1. Supply Current vs. ’SD’ Voltage 
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Shutdown Turn-on and Turn-off times are defined as the time required for the output to reach 90% and 10%, respectively, of its final peak to peak swing when 


Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 


Output short circuit duration is infinite for Vg < 6V. Otherwise, extended period output short circuit may damage the device. 


Table 1, below, summarizes the status of the device when 
the SL and SD pins are connected directly to V or V*: 


TABLE 1. LMC8101 Status Summary 


[st [8D | cMce10i Status | 
ae 







Shutdown 


In case shutdown operation is not needed, as can be seen in 
Table 1, the two pins SL and SD can simply be connected to 
opposite supply nodes to achieve ’Active” operation. The SL 
and SD should always be tied to a node; if left unconnected, 
these high impedance inputs will float to an undetermined 
state and the device status will be undetermined as well. 


With the device in shutdown, once “Active” operation is initi- 
ated, there will be a finite amount of time required before the 
device output is settled to its final value. This time is less 
than 15us. In addition, there may be some output spike dur- 
ing this time while the device is transitioning into a fully op- _ 
erational state. Some applications may be sensitive to this - 
output spike and proper precautions should be taken in order 
to ensure proper operation at all times. 

Tiny Package: 

The LMC8101 is available in the micro SMD package as well 
the 8 pin MSOP package. The micro SMD package requires 
approximately 1/4 the board area of a SOT23. This package 
is less than 1mm in height allowing it to be placed in absolute 
minimum height clearance areas such as cellular handsets, 
LCD panels, PCMCIA cards, etc. More information about the 
micro SMD package can be found at: hittp://— 
www.national.com/appinfo/microsmd. | 


Application Notes (continued) 


Conversion Boards: 


In order to ease the evaluation of tiny packages such as the 
micro SMD, there is a conversion board (LMC8101CONV) 
available to board designers. This board converts a micro 
SMD device into an 8 pin DIP package (see Figure 2, Con- 
version Board Pin out diagram) for easier handling and 
evaluation. This board can be ordered from National Semi- 
conductor by contacting hitp:/www.national.com . 


Q 


V+ 


V+ 


MICROSMD 


SOG 


Output 


> 
z= 
Oo 
oO 
— 
oO 
0 
O 
= 
4 


SD 


Q 
Q 
Q 





Top View 
DS101240-89 


FIGURE 2. micro SMD Conversion Board pin-out 


Increased Output Current: 


Compared to the LMC7101, the LMC8101 has an improved 
output stage capable of up to three times larger output 
sourcing and sinking current. This improvement would allow 
a larger output voltage swing range compared to the 
LMC7101 when connected to relatively heavy loads. For 
lower supply voltages this is an added benefit since it in- 
creases the output swing range. For example, the LMC8101 
can typically swing 2.5Vpp with 2mA sourcing and sinking 
output current (Vs = 2.7V) whereas the LMC7101 output 
swing would be limited to 1.9Vpp under the same conditions. 
Also, compared to the LMC7101 in the SOT23 package, the 
LMC8101 can dissipate more power because both the 
MSOP and the micro SMD packages have 40% better heat 
dissipation capability. 
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Lower 1/f noise: 


The dominant input referred noise term for the LMC8101 is 
the input noise voltage. Input noise current for this device is 
of no practical significance unless the equivalent resistance 
it looks into is 5MQ or higher. 


The LMC8101’s low frequency noise is significantly lower 
than that of the LMC7101. For example, at 10Hz, the input 
referred spot noise voltage density is 85 nv Hz as com- 
pared to about 200nVVHZ for the LMC7101. Over a fre- 
quency range of 0.1Hz to 100Hz, the total noise of the 
LMC8101 will be approximately 60% less than that of the 
LMC7101. 


Lower THD: 


When connected to heavier loads, the LMC8101 has lower 
THD compared to the LMC7101. For example, with 5V sup- 
ply at 1OKHz and 2Vpp swing (Av = -2), the LMC8101 THD 
(0.2%) is 60% less than the LMC7101’s. The LMC8101 THD 
can be kept below 0.1% with 3Vpp at the output for up to 
10KHz (refer to the Typical Characteristics Plots). 


Improving the Cap load drive capability: 
This can be accomplished in several ways: 
° Output resistive loading increase: 


The Phase Margin increases with increasing load (refer to 
the Typical Characteristics Plots). When driving capacitive 
loads, stability can generally be improved by allowing some 
output current to flow through a load. For example, the cap 
load drive capability can be increased from 8200pF to 
16000pF if the output load is increased from 5KQ to 600Q 
(Av = +10, 25% overshoot limit, 10V supply). 


° Isolation resistor between output and cap load: 


This resistor will isolate the feedback path (where excessive 
phase shift due to output capacitance can cause instability) 
from the capacitive load. With a 10V supply, a 100Q isolation 
resistor allows unlimited capacitive load without oscillation 
compared to only 300pF without this resistor (Av = +1). 

e Higher supply voltage: 

Operating the LMC8101 at higher supply voltages allows 
higher cap load tolerance. At 10V, the LMC8101’s low supply 
voltage cap load limit of 300pF improves to about 6OO0pF (Av 
= +1). 

° Closed loop gain increase: 


As with all Op Amps, the capacitive load tolerance of the 
LMC8101 increases with increasing closed loop gain. In ap- 
plications where the load is mostly capacitive and the resis- 
tive loading is light, stability increases when the LMC8101 is 
operated at a closed loop gain larger than +1. 
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LMV101/102/105/110 


National Semiconductor 


LMV101/102/105/110 
Fixed-Gain Amplifiers 


General Description 


The LMV101/102/105/110 fixed-gain amplifier family inte- 
grates a rail-to-rail op amp, two internal gain-setting resistors 
and a V*/2 bias circuit into one ultra tiny package, SC70-5 or 


SOT23-5. Fixed inverting gains of —1, -2, -5, and -10 are | 


available. 


The core op amp in this series is an LMV321, which provides 
rail-to-rail output swing, excellent speed-power ratio, 1MHz 
bandwidth, and 1V/us of slew rate with low supply current. 


The LMV101/102/105/110 family reduces external compo- 
nent count. It is the most cost effective solution for applica- 
tions where low voltage operation, low power consumption, 
space savings, and reliable performance are needed. It en- 
ables the design of small. portable electronic devices, and al- 
lows the designer to place the device closer to the signal 
source to reduce noise pickup and increase signal integrity. 


Typical Application 


Features 
(For 5V Supply, Typical Unless Otherwise Noted) 


w Fixed inverting gain available -1,-2,-5,-10 
m@ DC gain accuracy @2.7V supply 
— LMV101/102/105 2% (typ) 
— LMV110 6% (typ) 
m™ Space saving packages SC70-5 & SOT23-5 
m Industrial temperature range -—40°C to +85°C 
m Low supply current 130yA 
m@ Rail-to-Rail output swing 
m Guaranteed 2.7V and 5V performance 
Applications 


m General purpose portable devices 
= Mobile communications 

m= Battery powered electronics 

m Active filters 

m Microphone preamplifiers. 


Phase Inverting AC Amplifier 
Voc 





VOUT 


DS101234-10 


Vout = 0.5Vec —-Vin (R,/R,) 
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rm 
Absolute Maximum Ratings (Note 1) Storage Temperature Range -65°C to 150°C < 
If Military/Aerospace specified devices are required, Junction Temperature (T, , max) 150°C eS 
please contact the National Semiconductor Sales Office/ (Note 5) = 
Distributors for availability and specifications. RS 
ESD Tolerance (Note 2) Operating Ratings (note 1) = 
Machine Model 200V Supply Voltage 2.7V to 5.0V = 
Human Body Model 1500V Temperature Range -40°C < T, < 85°C ad 
Supply Voltage (V * - V7) 5.5V Thermal resistance (8,,) 
Output Short Circuit to V * (Note 3) 5-pin SC70-5 478°C/W 
Output Short Circuit to V ~ (Note 4) 5-pin SOT23-5 265°C/W 
Mounting Temperature 
Infrared or Convection (20 sec) 235°C 


2./V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Vo = V */2 and R, > 1MQ. Boldface |im- 
its apply at the temperature extremes. 


(Note 6) (Note 7) 
Vo Output Swing R, = 10kQ to 1.35V V 
min 


V 
max 


Is Supply Current 170 UA 
max 


DC Gain Accuracy LMV101, Gain = -1 i ae ae % 


LMV105, Gain = —5 % 
LMV110, Gain = -10 (a 
GBW -3dB Bandwidth LMV101, Gain = -1, MHz 
R,_ = 2kQ, C, = 100pF 


a ae 

ioe 
LMV102, Gain = -2, 1.8 MHz 
R L= 2kQ, CL = 100pF 

ct 








LMV105, Gain = -5, MHz 
R . = 2kQ, C, = 100pF 
LMV110, Gain = -10, 

R . = 2kQ, C, = 100pF 


MHz 


5V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vo = V */2 and R, > 1MQ. Boldface limits 
apply at the temperature extremes. 


Parameter Max 
(Note 7) 


Output Swing R, = 2kQ to 2.5V Vt-0.3 
R, = 10kQ to 2.5V , 
0.1 0.18 
0.28 


Output Current Sourcing, Vo = OV a ae 
Sinking, Vo = 5V 160 
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LMV101/102/105/110 


5V Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V- = OV, Vo = V */2 and R, > 1MQ. Boldface limits 
apply at the temperature extremes. na a 4 me 


Symbol Parameter | | Conditions Typ =| Max Units 
a ate Ae | (Note 6) (Note 7) 





350 max 
DC Gain Accuracy —~«[IMVIOI,Gan=-1—SOSC=“‘*‘“‘;~;«*SCt TCC 
rimvi0s,Gan=-8 —SO*=~“*“‘*~drSC“‘( CC 
Tiwvii,Gain=-10—=SO*=~“‘*“‘*~*YSC“‘ ”*‘i;SC‘<‘zaS 
sa |Sewhae—SS~=~i owe) SC—<“~*~s*s~‘“‘“‘“—*~*~*~sSSCSSSCSdSSC*dSC 
GBW -3dB Bandwidth LMV101, Gain = -1, i ae MHz 
R , = 2kQ, C, = 100pF : 
| LMV102, Gain = -2, a ae MHz 
R . = 2kQ, C, = 100pF 
LMV105, Gain = —5, rs i. | MHz 
R . = 2kQ, C, = 100pF 
a LMV110, Gain = -10, a ae MHz 
R = 2kQ, C, = 100pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5kQ in series with 100pF. Machine model, 0Q in series with 100pF. 
Note 3: Shorting circuit output to V* will adversely affect reliability. 
Note 4: Shorting circuit output to V" will adversely affect reliability. 


Note 5: The maximum power dissipation is a function of Tymax) » 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is. 
P b = (TJmax)—T a)/Oya. All numbers apply for packages soldered directly into a PC board. 


Note 6: Typical Values represent the most likely parametric norm. 
Note 7: All limits are guaranteed by testing or statistical analysis. 
Note 8: Number specified is the slower of the positive and negative slew rates. 
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LMV111 
Operational Amplifier with Bias Network 


General Description Features 


The LMV111 integrates a rail-to-rail op amp with a V*/2 bias = (For 5V Supply, Typical Unless Otherwise Noted) 
circuit into one ultra tiny package, SC70-5 or SOT23-5. The 


core op amp of the LMV111 is an LMV321, which provides ™ Resistor ratio matching 1% (typ) 
rail-to-rail output swing, excellent speed-power ratio, 1MHz m Space saving package SC70-5 & SOT23-5 
bandwidth, and 1V/us of slew rate with low supply current. @ Industrial temp. range -40°C to +85°C 
The LMV111 reduces external component count. It is a cost m Low supply current 130pA 
effective solution for applications where low voltage opera- ; 

tion, low power consumption, space saving, and reliable per- @ Gain-bandwidth product ue 
formance are needed. It enables the design of small portable m@ Rail-to-Rail output swing 

electronic devices, and allows the designer to place the de- m Guaranteed 2.7V and 5V performance 


vice closer to the signal Source to reduce noise pickup and 


increase signal integrity. Applications 


m™ General purpose portable devices 
# Active filters 

= Mobile communications 

m™ Battery powered electronics 

m™ Microphone preamplifiers 


Connection Diagram 


Fixed Current Source 


V* (+5 Voc) 





DS101262-21 


Gain and Phase vs. 
Capacitive Load 


L | [fie = soo eri v= sv] 


G =, 1000 pF HI = 


pity 
peeeseeeme ttl 


Uli ARSTTIN 
SLAMS 
Ba 
a 


Fue we eee eee | 





Gain (dB) 


DS101262-25 


Phase Margin (Deg) 


ty 
ho 


th 
000 pF \ 
= 500 pry 


ON DIL 


1 
CL 





10k 100k 1M 10M 


Frequency (Hz) 
DS101262-9 
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LMV111 


Absolute Maximum Ratings (Note 1) Junction Temp. (T, max) (Note 5) ~ 150°C 
If Military/Aerospace specified devices are required, Mounting Temperature re 
please contact the National Semiconductor Sales Office/ Infrared or Convection (20 sec) 235°C 
Distributors for availability and specifications. 
ESD Tolerance (Note 2) Operating Ratings (Note 1) 
Machine Model | 200V Supply Voltage _ 2.7V to 5.0V 
Human Body Model 1500V Temperature Range | -40°C < T, < 85°C 
Supply Voltage (V*—V ~) 5.5V Thermal Resistance (0,,) _ 
Output Short Circuit to V * (Note 3) 5-pin SC70-5 | 478°C/W 
Output Short Circuit to V ~ (Note 4) 5-pin SOT23-5 265°C/W 
Storage Temp. Range —65°C to 150°C 


2./V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 2.7V, V- = OV, Vo = V*/2 and R, > 1 MQ. Boldface lim- 
its apply at the temperature extremes. - . 





symto wore) | Ue 
Vo Output Swing R, = 10kQ to 1.35V V 
min 

a ae ee 

max 

| max 

[ResistorRatio Watching ———SCSC~idSCOC“‘CSNSOCNC#C#C#SC“‘é‘CNC“CNSCNSNSS Sd 
GEWP | Gain-Bandwidth Product _———~=«d = BOO SSSC*PSSt | «dC 
Gy [Phase Margin ——SSSCSC~C~sSSSSSSCSC~iwSS*dSCg 
Gn [GainMargn ——SOSSC~—‘“*S*S*~sSCSC‘“‘(CNNC#C#C“#’SCN#SN—Ss«d—Ss—~SYC 


5V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 5V, V- = OV, Vo = V*/2 and R, > 1 MQ. Boldface limits 
apply at the temperature extremes. 


| Sa Typ Limit : 












Vo Output Swing R, = 2kQ to 2.5V Vt -0.04 Vt -0.3 V 
V* -0.4 min 

0.4 max 

R, = 10kQ to 2.5V V+ -0.1 V 

V* -0.2 min 

: 

0.28 max 

lo Output Current Sourcing, Vo = OV ee rs mA 
min 

| | min 
. 350 max 
GBWP | Gain-Bandwidth Product _——=—S«| = 2008F | St | SSC*SOM 
wn [PhaseMargin SSC~sSC“‘(‘;SCOC~C~dC‘COC~‘“ OCdTSC~‘;~*‘*r'C«é 
0 CE 
sp [SlewRate—SSSSSC~s WNW H)SSSSC~sC“‘(;O#*S CYC 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5kQ in series with 100pF. Machine model, 0Q in series with 100pF. 
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5V Electrical Characteristics (continued) 


Note 3: Shorting circuit output to V* will adversely affect reliability. 


LLLAIN1 


Note 4: Shorting circuit output to V ~ will adversely affect reliability. 


Note 5: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 
P p = (Tymax)—Ta)/®ya- All numbers apply for packages soldered directly into a PC board. 


Note 6: Typical values represent the most likely parametric norm. 
Note 7: All limits are guaranteed by testing or statistical analysis. 
Note 8: Connected as voltage follower with 3V step input. Number specified is the slower of the positive and negative slew rates. 
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LMV321/LMV358/LMV324 Single/Dual/Quad 
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AY national Semiconductor 


LMV321/LMV358/LMV324 Single/Dual/Quad 
General Purpose, Low Voltage, Rail-to-Rail Output 


Operational Amplifiers 


General Description 


The LMV358/324 are low voltage (2.7—5.5V) versions of the 
dual and quad commodity op amps, LM358/324, which cur- 
rently operate at 5-30V. The LMV321 is the single version. 


The LMV321/358/324 are the most cost effective solutions 
for the applications where low voltage operation, space sav- 
ing and low price are needed. They offer specifications that 
meet or exceed the familiar LMS358/324. The 
LMV321/358/324 have rail-to-rail output swing capability and 
the input common-mode voltage range includes ground. 
They all exhibit excellent speed-power ratio, achieving 
1 MHz of bandwidth and 1 V/us of slew rate with low supply 
current. 


The LMV321 is available in space saving SC70-5, which is 
approximately half the size of SOT23-5. The small package 
saves space on pc boards, and enables the design of small 
portable electronic devices. It also allows the designer to 
place the device closer to the signal source to reduce noise 
pickup and increase signal integrity. 

The chips are built with Nationals advanced submicron 
silicon-gate BICMOS process. The LMV321/358/324 have 
bipolar input and output stages for improved noise perfor- 
mance and higher output current drive. 


Gain and Phase vs 
Capacitive Load 


f 











Gain (dB) 


EN Ane eee 
a aa 
” 


Phase Margin (Deg) 





Frequency (Hz) 
DS100060-45 


Features 
(For Vt = 5V and V- = OV, Typical Unless Otherwise Noted) 


m Guaranteed 2.7V and 5V Performance 


m No Crossover Distortion 
m@ Space Saving Package SC70-5 2.0x2.1x1.0mm 
m Industrial Temp.Range -40°C to +85°C 
@ Gain-Bandwidth Product 1MHz 
m Low Supply Current 
LMV321 130A 
LMV358 210A 
LMV324 410yA 
@ Rail-to-Rail Output Swing 
@ 10kQ Load V*-10mV 
V-+65mV 
m@ Vom -0.2V to V*-0.8V 
Applications 


= Active Filters 
= General Purpose Low Voltage Applications 
m™ General Purpose Portable Devices 


Output Voltage Swing 
vs Supply Voltage 


Output Voltage from Supply Voltage (mV) 





Supply Voltage (V) 
DS100060-67 
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~ 
. . Ss 
Absolute Maximum Ratings (Note 1) Storage Temp. Range —65°C to 150°C s 
If Military/Aerospace specified devices are required, Junction Temp. (Tj, max) (Note 5) 150°C | N& 
please contact the National Semiconductor Sales Office/ — 
Distributors for availability and specifications. Operating Ratings (Note 1) = 
oo 
ESD Tolerance (Note 2) Supply Voltage 27Vt05.5V | 3 
Machine Model 100V Temperature Range a 
Human Body Model -  LMV321, LMV358, LMV324 -40°C<T )<85°C = 
LMV358/924 susie Thermal Resistance (8 j,)(Note 10) S 
beans ee 5-pin SC70-5 A78°CIW | & 
Differential Input rele + Supply Voltage 5-pin SOT23-5 565°C/W Fi 
sre ee ee : r or 8-Pin SOIC 190°C/W | ® 
utput Short Circuit to V * ote 3 ai a Oo 
Output Short Circuit to V ~ (Note 4) : ae ass path 5 
enrmn ie 14-Pin SOIC 145°C/W 5 
ing Information ; 
14-Pin TSSOP 155°C/W c 
o. 


Infrared or Convection (20 sec) 235°C 


2./V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 2.7V, V~ = OV, Von = 1.0V, Vo = V*/2 and R, > 1 MQ. 









(Note 6) (Note 7) 
Vos Input Offset Voltage 1.7 7 mV 
TCVos Input Offset Voltage Average 5 uVv/’C 
Drift 

lp Input Bias Current 11 250 nA 
max 

los Input Offset Current 5 50 nA 

CMRR Common Mode Rejection Ratio | OV < Voy < 1.7V 63 50 dB 
min 

PSRR Power Supply Rejection Ratio 2.7V<V* <5V 50 dB 
Vo =1V min 

Vom Input Common-Mode Voltage For CMRR250dB -0.2 V 
Range min 

1.9 1.7 V 

max 

Vo Output Swing R, = 10kQ to 1.35V V+ -10 V* -100 mV 
min 

180 mV 

max 

Is Supply Current LMV321 170 UA 
max 

LMV358 140 340 UA 

LMV324 260 680 UA 

All four amplifiers max 
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LMV321/LMV358/LMV324 Single/Dual/Quad 


2.7V AC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 2.7V, V~ = OV, a = 1.0V, Vo = Vt/2 a R, > 1 MQ. 


Limit 


GBWP | Gain-Bandwidth Product C, = 200 pF EE Taal MHz 
S| Phase Margin SaeceAceenee ei _ Sy Seana 
a. 


ee ee 
e, Input-Referred Voltage Noise en = 1 kHz nv 
Hz 
Input-Referred Current Noise f= 1 kHz em pA 
Hz 


5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T , = 25°C, Vt = 5V, V~ = OV, Vey = 2.0V, Vo = V*/2 and R, > 1 MQ. 
Boldface limits Paneer at the temperature extremes. 


fice. 6) a 7) 
Drift 
max 














los Input Offset Current nA 
i max 
CMRR Common Mode Rejection Ratio | OV < Voy < 4V 50 dB 
PSRR © Pawer Supply Rejection Ratio 2.7V <V*<5V 50 dB 
Vom Input Common-Mode Voltage For CMRR=50dB ~0.2 V 
Range min 
i 4.2 V 
max 
Ay _ | Large Signal Voltage Gain Ry = 2kQ 15 V/imV 
_ | (Note 8) 10 min 
Vo Output Swing R, = 2kQ to 2.5V * -40 V* -300 mV 
. V* -400 min 
120 300 mV 
400 max 
R, = 10kQ to 2.5V Vt -10 V* -100 mV 
V* -200 min 
65 180 mV 
280 max 
lo _ | Output Short Circuit Current Sourcing, Vo = OV 5 mA 
Sinking, Vo = 5V 160 10 mA 
min 
ls | Supply Current LMV321 130 250 UA 
LMV358 210 440 UA 
Both amplifiers 615 max 
LMV324 410 830 UA 
All four amplifiers 1160 max 
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5V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 5V, V~ = OV, Voy = 2.0V, Vo = V*/2 and RR, > 1 MQ. 
Boldface limits apply at the temperature extremes. 


ous Typ Limit : 


S 


GBWP Gain-Bandwidth Product C, = 200 pF 1 
@, | Phase Margin fo 
Gy |GainMarin | SSS 


en Input-Referred Voltage Noise 


R Slew Rate (Note 9) 1 


f = 1 kHz, 39 






4 
© 


T}| > 
=]|2 


penosienq/a|buls pzeAW1/8SEAWV/LZEAWT 


Input-Referred Current Noise 0.21 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. Machine model, 0Q in series with 200 pF. 
Note 3: Shorting output to V* will adversely affect reliability. 
Note 4: Shorting output to V’ will adversely affect reliability. 


Note 5: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 
(TJ(max)—Ta)/@ya- All numbers apply for packages soldered directly into a PC board. 


Note 6: Typical values represent the most likely parametric norm. 

Note 7: All limits are guaranteed by testing or statistical analysis. 

Note 8: R, is connected to V.. The output voltage is 0.5V < Vo < 4.5V. 

Note 9: Connected as voltage follower with 3V step input. Number specified is the slower of the positive and negative slew rates. 
Note 10: All numbers are typical, and apply for packages soldered directly onto a PC board in still air. 
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LMV710/LMV711 





LMV710 and LMV711 


National Semiconductor 


Low Power, RRIO Operational Amplifiers with High 
Output Current Drive and Shutdown Option 


General Description 


The LMV710 and LMV711 are BiCMOS operational amplifi- 
ers with a CMOS input stage. Both devices have greater 
than RR input common mode voltage range, rail-to-rail out- 
put and high output current drive. They offer a bandwidth of 
5MHz and a slew rate of 5V/us. 


On the LMV711, a separate shutdown pin can be used to 
disable the device and reduces the supply current to 0.2uA 
(typical). The LMV711 features a turn on time of less than 
10s. It is an ideal solution for power sensitive applications, 
such as cellular phone, pager, palm computer, etc. 

The LMV710 is offered in the space saving SOT23-5 Tiny 
package. The LMV711 is offered in the space saving 
SOT23-6 Tiny package. 

The LMV710/711 are designed to meet the demands of low 
power, low cost, and small size required by cellular phones 
and similar battery powered portable electronics. 


Typical Application 


Features 


~~ 


Applications 

m Wireless phones 

= GSM/TDMA/CDMA power amp control 
m= AGC, RF power detector 

m Temperature compensation 

m Wireless LAN 

= Bluetooth 

= HomeRF 


High Side Current Sensing 






RoENSE 
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For 5 Supply, Typical Unless Otherwise Noted). 


m Low offset voltage 3mV, max 
m™ Gain-bandwidth product 5MHz, typ 
m Slew rate . 5V/us, typ 
m™ Space saving packages SOT23-5 and SOT23-6 
= Turn on time from shutdown <10us 
m Industrial temperature range -—40°C to +85°C 
@ Supply current in shutdown mode 0.2uA, typ 
m= Guaranteed 2.7V and 5V Performance 

m@ Unity gain stable 

# Rail-to-rail inout and output 

m Capable of driving 600Q load 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Machine Model 
Human Body Model 

Differential Input Voltage 


+ Supply Voltage 


Mounting Temp. 


Infrared or Convection (20 sec) 235°C 
Storage Temperature Range -65°C to 150°C 
Junction Temperature(T jax) 150°C 
(Note 5) 
200V ; ; 
ny Operating Ratings (note 1) 
Supply Voltage 2.7V to 5.0V 


Voltage at Input/Output Pin (V*) + 0.4V Temperature Range 

(V>) - 0.4V Thermal Resistance (05) 
Supply Voltage (V* - V ~) 9.5V MFOSA Package, 5-Pin SOT23-5 
Output Short Circuit to V* (Note 3) MFO6A package, 6-Pin SOT23-6 
Output Short Circuit to V~ (Note 4) 
Current at Input Pin +10mA 


2./V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for 
limits apply at the temperature extremes. 








Vos Input Offset Voltage 

lb Input Bias Current 

CMRR Common Mode Rejection Ratio 
PSRR Power Supply Rejection Ratio 

Vom Input Common-Mode Voltage Range 
Isc Output Short Circuit Current 

Vo Output Swing 

Vo (SD) 


Output Voltage Level in 
Shutdown Mode 


Supply Current 





Ty = 25°C. Vt 
Condition 


Vom = 0.85V & Voy = 1.85V 


~N © 
Ee 


0< Vom < 2.7V 


2.7V < Vi < 5V, 
Vom = 0.85V 

2.7V < Vi <5V, 
Vom = 1.85V 

For CMRR = 50dB 


Sourcing, 

Vo =0V 

Sinking 

Vo =2.7V 

R, = 10kQ to 1.35V 


R, = 6002 to 1.35V 





ON Mode 


Shutdown Mode, Vgp = OV 
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Typ 
(Note 6) 


O1 


— 
— 
© 


OI 


-0.3 


jo) 


& nN <e] 


2.68 


0.01 


2.55 


0.05 


0.002 


o 
ne) Oo 
ne) 


-40°C < T, < 85°C 


265 “C/W 
265 °C/W 


2.7V, V~ = OV, Voy = 1.35V and R, > 1MQ. Boldface 


(Note 7) 
3 mV 
3.2 max 
[eee 
50 dB 
45 min 
70 dB 
68 min 
70 dB 
68 min 
: 
i 
12 min 
25 mA 
22 min 
2.60 min 
0.15 max 
2.50 min 
. 
0.30 max 
200 mvV 
1.7 mA 
1.9 max 
uA 


www.national.com 


LLZAWV/OLZAINT 





LMV710/LMV711 


2./V Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Vt = 2.7V, V ~ = OV, Voy = 1.35V and R, > 1MQ. Boldface 
limits apply at the temperature extremes. . | ; : 


Symbol. Parameter | | Condition = —*—~SS|s—S——sé«wTrypp Limits Units 
| (Note 6) (Note 7) | 
a5 80 


Ay Large Signal Voltage Sourcing 115 dB 
R, = 10kQ 6 min 
Vo = 1.35V to 2.3V 7 
Sinking : 113 80 dB 
R, = 10kQ | 76 min 
Vo = 0.4V to 1.35V 
Sourcing 110 80 dB 
R,_ = 600Q 76. min 
Vo = 1.35V to 2.2V | 
Sinking 100 80 dB 
R, = 6000 76 min 
Vo = 0.5V to 1.35V 







E 


sa [SlewRaeSSSSS~=~i Nt B})SSSC~“‘*wSC*éSC*‘d(R’WSC‘“‘(#*SY‘SCSs 
GBWP | Gain-Bandwidth Proauct S| SCSC~—~—SCSYSC CYS C«Y:C 
bm | PhaseMargin TC sig 
Tow | Turn-on Time from Shutdown —s[ SSC~—sCS~sdY SOS 
Vso | Shutdown Pin Voltage Range V 
en Input-Referred Voltage Noise f = 1kHz 20 AV 

ae ee 





3.2V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 3.2V, V~ = OV, Voy = 1.6V. Boldface limits apply at the 
temperature extremes. 2 


Parameter Conditions Typ 
(Note 6) 


Output Swing lo = 6.5mA 


5V Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 5V, V~ = OV, Vom = 2.5V, and R_ > 1MQ. Boldface lim- 


its apply at the temperature extremes. 
Typ Limits Units 
(Note 6) (Note 7) 


Limit 
(Note 7) 
2.95 
2.92 
0.18 
0.25 






—— 3.2 max 
io | inputBiesCunent SST STCSCSC™~—sCSCS| S| Cd 
| 48 min 

PSRR Power Supply Rejection Ratio 2.7V < Vi < 5V, 110 70 dB 
Vom = 0.85V 68 min 

2.7V < VS B5V, 70 dB 

Vom = 1.85V min 





eh 
© 


Vom Input Common-Mode Voltage Range For CMRR 2 50dB -0.2 y 
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oV Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 5V, V~ = OV, Voy = 2.5V, and R, > 1MQ. Boldface lim- 
its apply at the temperature extremes. 


Symbol Parameter Condition Typ Limits Units 
(Note 6) (Note 7) 
35 


Isc Output Short Circuit Current Sourcing 25 mA 
Vo =0V 21 min 
Sinking 40 25 mA 
Vo = 5V 21 min 















Vo Output Swing Ru = 10kQ to 2.5V V 
min 
re : 
max 
R, = 600Q to 2.5V Le | V 
min 
0.05 V 
0.3 max 
Shutdown Mode 

1.9 max 
ml 
Ay Large Signal Voltage Gain Sourcing 80 dB 
R, = 10kQ 76 min 

Vo = 2.5V to 4.6V 
Sinking 120 80 dB 
R, = 10kQ 76 min 

Vo = 0.4V to 2.5V 
Sourcing 110 80 dB 
R, = 600Q 76 min 

Vo = 2.5V to 4.5V 
Sinking 118 80 dB 
R, = 600Q 76 min 

Vo = 0.5V to 2.5V 
SR | SewRateSSSCS~—w NW H)SSSCSC~‘“YSC‘“SSTSSCSC*dS:COW 
GBWP | Gain-Bandwidth Product S| SS SSSC~C~C—~—“Cs*~C~‘—‘~‘dY S| SS*dSC 
in | PhaseMagin —SCdSSSC~“—~*~*~*~—‘—‘~‘“~;~*~*~*~*é~dCSCéSC*dTSSCS*dCét 
en, Input-Referred Voltage Noise f = 1kHz 20 nv 
a 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100pF. Machine model, 0Q in series with 100pF. 
Note 3: Shorting circuit output to V* will adversely affect reliability. 
Note 4: Shorting circuit output to V~ will adversely affect reliability. 


Note 5: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (Tymax) - T a)/8ya. All numbers apply for packages soldered directly into a PC board. 


Note 6: Typical values represent the most likely parametric norm. 
Note 7: All limits are guaranteed by testing or statistical analysis. 
Note 8: Number specified is the slower of the positive and negative siew rates. 
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LMV721/LMV722 


National Semiconductor 


LMV721/LMV722 


10MHz, Low Noise, Low Voltage, and Low Power 


Operational Amplifier 


General Description 


The LMV721 (Single) and LMV722 (Dual) are low noise, low 
voltage, and low power op amps, that can be designed into 
a wide range of applications. The LMV721/LMV722 has a 
unity gain bandwidth of 10MHz, a slew rate of 5V/us, anda 
quiescent current of 930uA/amplifier at 2.2V. 


The LMV721/722 are designed to provide optimal perfor- 
mance in low voltage and low noise systems. They provide 
rail-to-rail output swing into heavy loads. The_ input 
common-mode voltage range includes ground, and the 
maximum input offset voltage are 3.5mV (Over Temp.) for 
the LMV721/LMV722. Their capacitive load capability is also 
good at low supply voltages. The operating range is from 
2.2V to 5.5V. 


The chip is built with Nationals advanced Submicron 
Silicon-Gate BiCMOS process. The single version, LMV721, 
is available in 5 pin SOT23-5 and a SC-70 (new) package. 
The dual version, LMV722, is available in a SO-8 and 
MSOP-8 package. 


Features 


(For Typical, 5 V Supply Values; Unless Otherwise Noted) 
= Guaranteed 2.2V and 5.0V Performance 
m Low Supply Current LMV721/2 930pA/amplifier @ 2.2V 
m@ High Unity-Gain Bandwidth 10MHz 
m Rail-to-Rail Output Swing 

@ 600Q load 120mvV from either rail at 2.2V 

@ 2kQ load 50mV from either rail at 2.2V 


Input Common Mode Voltage Range Includes Ground 
Silicon Dust™, SC70-5 Package 2.0x2.0x1.0 mm 


Input Voltage Noise 9 NV/VHz @ f = 1KHz 


Applications 

m™ Cellular an Cordless Phones 
m Active Filter and Buffers 

m Laptops and PDAs 

m= Battery Powered Electronics 


A Battery Powered Microphone Preamplifier 





Electret 
Microphone 


Input 
R14 


R2 
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-o Output 
G2 


DS100922-44 
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_ 
Absolute Maximum Ratings (note 1) = 
please contact the National Semiconductor Sales Office) OPeFating Ratings (wore ») = 
Distributors for availability and specifications. Supply Voltage 22V to 5.0V = 
ESD Tolerance (Note 2) Temperature Range -40°C <T , <85°C nN 
Human Body Model 2000V Thermal Resistance (6 ,,) ~~ 
Machine Model 200V Silicon Dust SC70-5 Pkg 440 °C/W 
Differential Input Voltage + Supply Voltage Tiny SOT23-5 Pkg 265 °C/W 
Supply Voltage (V* — V7) 5.5V SO Pkg, 8-pin Surface Mount 190 °C/W 
Soldering Information MSOP Pkg, 8-Pin Mini Surface 235 °C/W 
Infrared or Convection (20 sec.) 235°C Mount 
Storage Temp. Range 65°C to 150°C SO Pkge, 14-Pin Surface Mount 145 °C/W 
Junction Temperature (Note 4) 150°C 


2.2V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Vt = 2.2V, V~ = OV, Von = V*/2, Vo = V7/2 and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 





3.5 max 
Drift 
los | InputOfset Ourent | SS SSCS™~—“—~sSCST SCT SSSSC*dYSC 
64 
PSRR Power Supply Rejection Ratio aeeteeeen gee: | lee, 70 dB min 
64 
Vom Input Common-Mode Voltage | Forewnn sods SS V 
Range ak eel ene 
Ay Large Signal Voltage Gain R, =600Q dB min 
Vo = 0.75V to 2.00V 


60 
Vo = 0.50V to 2.10V | 60 
Vo Output Swing R, = 6002 to v*/2 V min 
2.065 
0.135 
R,= 2kQ to V*/2 V min 
2.125 
0.026 0.050 V max 
OT ae 
lo Output Current Sourcing, Vo = OV mA min 
Vin(diff) = + 0.5V : 5.0 
Sinking, Vo = 2.2V . 23.8 15.0 mA min 
Vin(diff) = + 0.5V 5.0 
LMV721 12 
1.5 mA 


LMV722 1.64 2.2 max 
2.6 


Is Supply Current 





© 
co 
oo 
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LMV721/LMV722 


2.2V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.2V, V~ = OV, Voy = V*/2, 
Vo = V*t/2 and R, > 1 MQ. Boldface limits apply at the temperature extremes. 


SA vis 
GBW | Gain-Bandwath Product. S| SSCSC™~—~sCSCSsSSCSASSC*d?CSSCS 
| PhaseMagin STSSC™~“—~*~*~*~*~**SsSSS SSC‘ SC*d;SCSCé 
Gn | GanMarin SC=iPSC(‘CSCCOC™~CCSCSOCCCC TSC‘ CYC 
en Input-Referred Voltage Noise f= 1 kHz nv 
le Input-Referred Current Noise f = 1 kHz 0.3 pA. 

a a 

R_ = 600Q, Vo = 500 MVpp 


5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 5V, V~ = OV, Vow = V*/2, Vo = V*/2 and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 





3.5 max 
Drift 
: | es 
ee ee ee SS ee SANE 
64 
PSRR 2.2V <V*<5.0V, Vo =0 Voy = 0 aa 70 dB min 
| 64 
Vom Input Common-Mode Voltage i V 
Range Se ee 
Ay Large Signal Voltage Gain R, = 600Q 80 | dB 
Vo = 0.75V to 4.80V 70 min 
Vo = 0.70V to 4.90V, | 70 min 
Vo Output Swing R,.= 600Q to V*/2 V min 
4.140 
0.185 
R. = 2kQ to V*/2 4.940 V min 
| 4.915 
0.080 V max 
0.105 
lo Output Current Sourcing, V 5 = OV | 52.6 mA min 
Vin (diff) = +0.5V 12.0 
Sinking, Vo = 5V 23.7 mA min 
V in (diff) = +0.5V | 8.5 
1.7 mA 
2.8 
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5V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Vt = 5V, V~ = OV, Vey = V*/2, Vo = V*/2 and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 





CCLAWVLCLAWT 


min 

GBW | GainBanawath Prout | SSSCSC™~—~SsSSSSSCSC*SSC*dSCM 
®, | PhaseMargin S| SSCSC~“~—CS*~*~*s*SssSsSC‘ YC C*dSCéi 
Gy | GainWargn CTS C™~“—*~Cs‘“‘;SSC*dC CdS 
en Input-Related Voltage Noise f= 1 kHz 8.5 nv 
hectaecaien n= t-ormmeonmanccce i 

in Input-Referred Current Noise f= 1 kHz 0.2 pA 
Raa La CP OE : 

R_ = 6002, Vo = 1 Vpp 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. Machine model, 200Q in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of 30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax), 8ya, and Ta . The maximum allowable power dissipation at any ambient temperature is 
P p = (Tymax)—T a)/8ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 
Note 6: All limits are guaranteed by testing or statistical analysis. 
Note 7: Connected as voltage follower with 1V step input. Number specified is the slower of the positive and negative slew rate. 
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_.LMV751 


AY vational Semiconductor. 


| LMV751— 
Low Noise, Low Vos, Single Op Amp 


General Description | Features 


The LMV751 is a high performance CMOS operational am- ™ Low Noise 6.5nV Rt-Hz typ. 
plifier intended for applications requiring low noise and low #™ Low Vos (0.05mV typ.) 

input offset voltage. It offers modest bandwidth of 4.5MHzfor mm Wideband 4.5MHz GBP typ. 
very low supply current and is unity gain stable. m Low Supply Current 500uA typ. 


The output stage is able to drive high capacitance, up to m™ Low Suppy Voltage 2.7V to 5.0V 
| 1000pF and source or sink 8mA output current. = Ground-referenced Inputs 


It is supplied in the space saving SOT23-5 Tiny package. m@ Unity gain stable 


The LMV751 is designed to meet the demands of small size, ™ Small Package 
low power, and high performance required by cellular 
phones and similar battery operated portable electronics. | Applications 


m Cellular Phones 
m Portable Equipment 
m Radio Systems 


Connection Diagrams 
SOT23-5 
Vout v 


3 hes 

+ 

Vin Vin 
DS101081-1 


Top View 
Ordering Information 


Package Ordering Info NSC Drawing Pkg Marking Supplied As 
5-Pin SOT23-5 LMV751M5 MA05B A32A 1k Units Tape and Reel 
LMV751M5X MAO05B A32A 3k units Tape and Reel 


Voltage Noise Gain/Phase 


j 135 
TILA = ac /200 6 


St ee 


viene a 


100 


Vo = 
{| 
i Vag = Zev 


ACE Cn To 
CWE ETM IMT TI UT 


MTN MEME 


Gain (dB) 


Phase (°) 


45 


° 


| 22.5 


m0 HA ‘ , 
a mA AM | 


2. 
1 10 100 1k 10k 100k 10 100 ik 10k 100k 1M 10M 100M 





Frequency (Hz) Frequency (Hz) 
DS101081-2 DS101081-3 


www.national.com 1-264 





= 
i ; = 
Absolute Maximum Ratings (Note 1) Storage Temperature Range -65°C to 150°C s 
If Military/Aerospace specified devices are required, Junction Temperature (T,) (Note 4) 150°C; OI 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. Recommended Operating 
ESD tolerance (Note 3) Conditions 
ead poy Widest eno Supply Voltage 2.7V to 5.0V 
es mode ao Temperature Range -40°C < T, < 85°C 
Differential Input velase +Supply Voltage Thermal resisance (@,,) (Note 6) 
Supply Voltage (V" - V") 5.5V M5 Package, SOT23-5 274°C/W 
Lead Temperature (Soldering, 10 sec) 260°C 


2.7V Electrical Characteristics 
Vt = 2.7V, V" = OV, Voy = 1.35V, Ta, = 25°C unless otherwise stated. Boldface limits apply over the Temperature Range. 


. max 
CMRR OV < Voy < 1.3V 100 85 dB 


—_— 
o1 © 


70 min 


PSRR Power Supply Rejection Ratio V* =2.7V to 5.0V 107 85 dB 
min 


~J 
(=) 


0.75 max 
max 
ee a ee a 


fe) 
or 


Avot Voltage Gain R, = 10k Connect to V*/2 120 110 
Vo = 0.2V to 2.2V dB 
R, = 2k Connect to V*/2 120 100 min 
Vo = 0.2V to 2.2V 


6°] 
oO 








Vo Positive Voltage Swing R, = 10k Connect to V*/2 2.62 
2.52 V 
R, = 2k Connect to V*/2 2.62 min 
2.52 
160 mV 
R, = 2k Connect to V*/2 max 
160 
lo Output Current Sourcing, Vo = OV 2 Te 
Vin (diff) = +0.5V mA 
Vin(diff) = +0.5V 
(10Hz) 
(1kHz) 
e, Input Referred Voltage Noise rf 4g nV/fHz 
(S0kHz) 
max 
min 
sa | SewRateSSC«dESC(“‘;*™S™S™SCSCSCC~*dSCSC“‘TTTC#*dSOC‘(’N’*C;CSC 
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LMV751 


oO — oe 
oO ao 


2 OV Electrical Characteristics 
= 5.0V, V- = OV, Voy = 2.5V, Ty = 25°C unless otherwise stated.Boldface limits a over theTemperature Range. | 


be 
lin 


los Input offset Current 


Avot Pvoltage Gain 





Vo Positive Voltage Swing 
Vo Negative Voltage Swing 





lo Output Current 


en Input Referred Voltage Noise 
(10Hz) 
e, lle Referred Voltage Noise 
(1kHz) 


en Input Referred Voltage Noise 
(30kHz) 


In (4KHz) | Input Referred Current Noise 


_ Gain-Bandwidth Product 









i: 


OV < Vom < 3.6V 


R, = 2k Connect to V*/2 
Vo = 0.2V to 4.5V 


R, = 2k Connect to V*/2 


— N oO 


R_ = 10k Connect to V*/2 


R, = 2k Connect to V*/2 


Sourcing, Vo = OV 
Vin (diff) = +0.5V 
Sinking, Vo = 5V 
Vin (diff) = +0.5V 


: = 10k Connect to V*/2 120 
Vo = 0.2V to 4.5V 
R, = 10k Connect to V*/2 4.82 
4.80 


Limit 
foe 5) (Note: 2) 


0.85 


1 


oe 
i 


4.82 
4.80 
160 
180 
160 
180 


ol 


or 
io) 


OD} om] a 
Ol 


0.01 


o1 


ne 
a) 


‘Units 
mV 
max 
dB 
min 
dB 
min 
mA 
max 
pA 
max 
pA 
db 
min 


min 


mV 
max 


mA 

min 
nV//Hz 
nV/ Hz 
nV//Hz 


max 


PA//Hz 


MHz 
min 
V/us 


Note 1: Absolute Maximum rrehnge indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device 


beyond its rated operating conditions. 


Note 2: All limits are guaranteed by testing or statistical analysis 
Note 3: Human body model, 1.5kQ in series with 100pF. Machine model, 200Q in series with 1000pF. 


Note 4: The maximum power dissipation is a function of Tj(max), Qj4, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (Ty(max) - Ta)/Oy,. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical values represent the most likely parametric 


norm. 


Note 6: All numbers are typical, and apply to packages soldered directly onto PC board in still air. 
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LMV821 Single/ LMV822 Dual/ LMV824 Quad 
Low Voltage, Low Power, R-to-R Output, 5 MHz Op Amps 


PEND PZ8AWT /IENd Z28AW71 /a16uls LZSAWT 


General Description m= Guaranteed 2.5 V, 2.7 V and 5 V Performance 

The LMV821/LMV822/LMV824 bring performance and : ey une ey envi 
economy to low voltage / low power systems. With a 5 MHz : 

unity-gain frequency and a guaranteed 1.4 V/us slew rate, = GBW product @ 2.7 V 5 MHz 
the quiescent current is only 220 uA/amplifier (2.7 V). They ™ !suppiy @ 2.7 V 220 pA/Amplifier 
provide rail-to-rail (R-to-R) output swing into heavy loads #® Minimum SR 1.4 V/us (Guaranteed) 
(600 Guarantees). The input common-mode voltage range = CMRR 90 dB 
includes ground, and the maximum input offset voltage is m PSRR 85 dB 
3.5mV (Guaranteed). They are also capable of comfortably  Rail-to-Rail (R-to-R) Output Swing 

driving large capacitive loads (refer to the application notes — @600 Q Load 160 mV from rail 
section). — @10 kQ Load 55 mV from rail 
The LMV821 (single) is available in the ultra tiny SC70-5 mm VQ4,@5V -0.3V to 4.3 V 
package, which is about half the size of the previous title ™ Stable with High Capacitive Loads (Refer to Application 


Overall, the LMV821/LMV822/LMV824 (Single/Dual/Quad) 


are low voltage, low power, performance op amps, that can Applications 


be designed into a wide range of applications, at an eco- = Cordless Phones 


nomical price. 
= Cellular Phones 
= Laptops 
Features rei 
(For Typical, 5 V Supply Values; Unless Otherwise Noted) = PCMCIA 
m Ultra Tiny, SC70-5 Package 2.0 x 2.0 x 1.0 mm 


Telephone-line Transceiver for a PCMCIA Modem Card 


r-oc7-C-- 


I 

1 Phone Line 
I 6000 

| (nominal) 
| 


Eis ets 
1:1 miniature 
PCMCIA transformer 


microtan TP3111 
DS100128-33 
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Absolute Maximum Ratings (note 1) Operating Ratings (Note 1) 


if Military/Aerospace specified devices are required, Supply Voltage 2 BV to 5.5V 
please contact the National Semiconductor Sales Office/ : 


Distributors for availability and specifications. Temperature Range 


LMV821 Single/ LMV822 Dual/ LMV824 Quad 


LMV821, LMV822, LMV824 -40°C <T , <85°C 
ESD Tolerance (Note 2) a : — -_ 
Thermal Resistance (6 j,) 
| paenure one! a - ,. 3 sue Ultra Tiny SC70-5 Package 440 “C/W 
Human Body Model | 5-Pin Surface Mount | 
LMV822/824 2000V Tiny SOT23-5 Package 5-Pin _ 265 ‘C/W 
‘LMV821 1500V Surface Mount oo . 
Differential Inout Voltage + Supply Voltage SO Package, 8-Pin Surface | 
_ Supply Voltage (V*-V -) 5.5V _ Mount 190 °C/W 
Output Short Circuit to V* (Note 3) _ MSOP Package, 8-Pin Mini 
Output Short Circuit to V- (Note 3) Surface = Mount | 235 “C/W 
Soldering Information _ SO Package, 14-Pin Surface | 
Infrared or Convection (20 sec) 235°C | Mount 145 (CW 
Storage Temperature Range -65°C to 150°C TSSOP Package, 14-Pin . 155 "CW 
' Junction Temperature (Note 4) 150°C 


2.7V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V~ = OV, Voy = 1.0V, Vo = 1.35V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 


















Vos Input Offset Voltage 1 3.5 mV 
Drift 

Ip | Input Bias Current 30 | 90 | nA 
los Input Offset Current | 0.5 30 | onA 
CMRR Common Mode Rejection Ratio | OV < Vey < 1.7V 85 70 dB 
+PSRR 1.7V < Vi < AV, V =1V, Vo = 75 dB 
Rejection Ratio OV, Vom = OV 70 min 

-~PSRR -1.0V < V < -3.3V, V* =1.7V, 73 dB 
Rejection Ratio Vo= OV, Vom = OV 70 min 

Vom Input Common-Mode Voltage | For CMRR > 50dB -0.3 Vv 
Range max 

2.0 1.9 V 

Ay Large Signal Voltage Gain Sourcing, R,=600Q to 1.35V, 100 90 dB 
Vo=1.35V to 2.2V 85 min 

Sinking, R,=600Q to 1.35V, eo 85 dB 

Vo=1.35V to 0.5V 80 min 

Sourcing, R,=2kQ to 1.35V, 100 95 dB 

Vo=1.35V to 2.2V 90 min 

Sinking, R,=2kQ to 1.35, 90 dB 
Vo=1.35 to 0.5V 85 min 
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2./V DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V~ = OV, Voy = 1.0V, Vo = 1.35V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 


ie ‘limites | Unt 
Vo Output Swing V+=2.7V, R,= 600Q to 1.35V 2.58 2.50 V 
0.13 0.20 V 
V*=2.7V, R_= 2kQ to 1.35V 2.66 2.60 V 
0.08 0.120 V 

lo Output Current Sourcing, Vo=0V 16 12 mA 
Sinking, Vo=2.7V 26 12 mA 

ls Supply Current LMV821 (Single) 0.22 0.3 mA 

LMV822 (Dual) 0.45 0.6 mA 

LMV824 (Quad) 0.72 1.0 mA 


2.5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Vt = 2.5V, V ~ = OV, Voy = 1.0V, Vo = 1.25V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 


me LMV821/822/824 
4 


Output Swing V+=2.5V, R,= 6002 to 1.25V 2.37 2.30 
0.13 | 0.20 
V+=2.5V, R,= 2kQ to 1.25V 2.46 2.40 
0.08 0.12 
| 


2./V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V ~ = OV, Voy = 1.0V, Vo = 1.35V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 








PENH PZSAWT /leENG ZZ8AW7 /e16uls LZ8AWT 











ES 
< 
xo) 





















SR vibe 
GBW | Gain-Bandwath Products| ie 
®, | PhaseMagin | SCC” CT SS~*S «Cg 
Gn _[GainMagin SSCS ee ee: 

(Note 6) a 
en Input-Related Voltage Noise f = 1 kHz, Voy = 1V 28 nv 

paces el oF] 
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LMV821 Single/ LMV822 Dual/ LMV824 Quad 


2./V AC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V,.V ~ = OV, Voy = 1.0V, Vo = 1.35V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. : 


— Typ LMV821/822/824 Limit 
Input-Referred Current Noise f = 1 kHz oe 


0.1 
0.01 


Total Harmonic Distortion f= 1 kHz, Ay = -2, 
R, = 10 kQ, Vo = 4.1 Vpp 





5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 5V, V~ = OV, Vey = 2.0V, Vo = 2.5V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 











Vos Input Offset Voltage 1 3.5 mV 
Drift 
ls Input Bias Current 40 100 nA 
los | Input Offset Current 0.5 30 nA 
CMRR Common Mode Rejection Ratio | OV < Voy < 4.0V 72 dB 
+PSRR 1.7V<SV*<4V,V=1V,Vo= 85 75 dB 
Rejection Ratio OV, Vom = OV 70 min 
-PSRR -1.0V < V < -3.3V, V* =1.7V, 85 73 dB 
Rejection Ratio | Vo = OV, Vom = OV 70 min 
Vom Input Common-Mode Voltage For CMRR 2 50dB -0.3 V 
Range max 
4.3 4.2 | V 
















Ay Large Signal Voltage Gain Sourcing, R,=600Q to 2.5V, 105 95 dB 
Vo=2.5 to 4.5V 90 min 
Sinking, R_=600Q to 2.5V, 105 95 dB 
Vo=2.5 to 0.5V 90 min 
Sourcing, R,=2kQ to 2.5V, 105 95 dB 
Vo=2.5 to 4.5V 90 min 
Sinking, R_=2kQ to 2.5, 105 95 dB 
Vo=2.5 to 0.5V 90 min 
Vo Output Swing V*=5V,R,= 600Q to 2.5V 4.84 — 4,75 OS V 
: 4.70 min 
0.17 0.250 V 
380 max 
V7=5V, R,_=2kQ to 2.5V 4.90 4.85 V. 
4.80 min 
0.10 0.15 VO. 
0.20 max — 
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5V DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Vt = 5V, V~ = OV, Voy = 2.0V, Vo = 2.5V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 


‘tm oe 
Output Current Sourcing, Vo=0V 45 20 
ae 
Sinking, Vo=5V 40 20 
"| oe 
Supply Current LMV821 (Single) 0.30 0.4 
ee 
0.5 0.7 
a ae 
1.0 1.3 
eb 
5V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 5V, V~ = OV, Voy = 2V, Vo = 2.5V and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. 


ih Typ LMV821/822/824 Limit : 
SR Slew Rate (Note 7) 1.4 V/us 
min 


GEW | GainBandwath Proust | ——=S~S~CSSSSYSSSSSSS*dC 
Dn | Phase Margin er Ye 
ts —S 


























LMV822 (Dual) 






LMV824 (Quad) 
max 





PEND PZ8AINT /leNG Z2z8AW1 /aibuis LZ8AW 


2.0 

5.6 

67 

Gm Gain Margin 15 
Amp-to-Amp Isolation a8 
en, Input-Related Voltage Noise f= 1 kHz, Voy = 1V 24 nv 
a a 
in Input-Referred Current Noise f = 1 kHz 0.25 pA 
a a 
THD Total Harmonic Distortion f= 1 kHz, Ay = -2, poo fo " 

R, = 10 kQ, Vo = 4.1 Vpp 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series wth 100 pF. Machine model, 200Q in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of 45 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tjymax) , 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T- 
(max)-T a)/O@y,. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 5V. Connected as voltage follower with 3V step input. Number specified is the slower of the positive and negative slew rates. 
Note 8: Input referred, V~ = 5V and R,, = 100 kQ connected to 2.5V. Each amp excited in turn with 1 kHz to produce V 9 = 3 Vpp. 


1-271 www.national.com 


LMV921/LMV922/LMV924 
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LMV921/LMV922/LMVv924 


National Semiconductor 


Single, Dual and Quad 1.8V, 1MHz, Low Power 
Operational Amplifiers with Rail-To-Rail Input and Output 


General Description 


The LMV921 Single/LMV922 Dual/LMV924 Quad are guar- 
anteed to operate from +1.8V to +5.0V supply voltages and 
have rail-to-rail input and output. This rail-to-rail operation 
enables the user to make full use of the entire supply voltage 
range. The input common mode voltage range extends 
300mV:. beyond the supplies and the output can swing 
rail-to-rail unloaded and within 100mV from the rail with 
600Q load at 1.8V supply. The LMV921/LMV922/LMV924 
are optimized to work at 1.8V which make them ideal for por- 
table two-cell battery-powered systems and single cell Li-lon 
systems. 


The LMV921/LMV922/LMV924 exhibit excellent 
speed-power ratio, achieving 1MHz gain bandwidth product 
at 1.8V supply voltage with very low supply current. The 
LMV921/LMV922/LMV924 are capable of driving 600Q load 
and up to 1000pF capacitive load with minimal ringing. The 
LMV921/LMV922/LMV924’s high DC gain of 100dB makes 


them suitable for low frequency applications. 


The LMV921 (Single) is offered in a space saving SC70—5 
and SOT23—5 packages. The SC70—5 package is only 
2.0X2.1X1.0mm. These small packages are ideal solutions 
for area constrained PC boards and portable electronics 
such as cellphones and PDAs. 


Supply Current vs. 
Supply Voltage (LMV921) 


Supply Current (A) 





Output Voltage from Supply Voltage (mV) 


Supply Voltage (V) 
DS100979-A1 


Gain and Phase Margin 
vs. Frequency 





Supply Voltage (V) 
DS100979-A3 


Features 


(Typical 1.8V Supply Values; Unless Otherwise Noted) 
™ Guaranteed 1.8V, 2.7V and 5V specifications 

m Rail-to-Rail input & output swing 
— w/600Q load 

— w/2kQ load 

Vem 

90d0B gain w/6002 load 

Supply current 

Gain bandwidth product 
LMV921 Maximum Vos 
LMV921 available in Ultra Tiny, SC70-5 package 
LMV922 available in MSOP-8 package 

LMV924 available in TSSOP-14 package 


100 mV from rail 
30 mV from rail 
300mV beyond rails 


145yuA/amplifier 
1MHz 
6mV 


Applications 

Cordless/cellular phones 

Laptops 

PDAs 

PCMCIA 

Portable/battery-powered electronic Equipment 
Supply current Monitoring 

Battery monitoring 


Output Voltage Swing vs. 
Supply Voltage 


CC 
Cee ail 
PNUD pase Ty 
TT NTT NN TTT 
| | IN NOT 
CL= 1000 pF WW Wii 
Vg = 5V FONT 
MS Pett tN EAN 
= 1000 pF ae 1S0pF g 

C= 510 pF ON CL=300 pF 
10k 100k 1M 10M 


45 
40 
35 
30 
25 
20 
15 










120 
105 
90° 
75 
60 
4S 
30 
15 


Gain (dB) 
Phase Margin (°) 


Frequency (Hz) 
DS100979-A7 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 


Supply Voltage 


please contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 


ESD Tolerance (Note 2) 

Machine Model 

Human Body Model 
Differential Input Voltage 
Supply Voltage (V*-V ~) 
Output Short Circuit to V* (Note 3) 
Output Short Circuit to V~ (Note 3) 
Storage Temperature Range 
Junction Temperature (Note 4) 
Mounting Temp. 

Infrared or Convection (20 sec) 


Temperature Range 
Thermal Resistance (6,,) 
Ultra Tiny SC70-5 Package 


100V 5-Pin Surface Mount 
2000V Tiny SOT23-5 Package 
+ Supply Voltage 5-Pin Surface Mount 
5.5V MSOP Package 
8-Pin Surface Mount 
TSSOP Package 
-65°C to 150°C 14-Pin Surface Mount 
150°C SOIC Package 
8-Pin Surface Mount 
935°C 14-Pin Surface Mount 


1.8V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 1.8V, V~ = OV, Voy = V*/2, Vo = V*/2 and 
R, > 1 MQ. Boldface limits apply at the temperature extremes. 


Input Offset Voltage 


Vos 





Input Offset Voltage Average 
Drift 

lp Input Bias Current 
Input Offset Current 


Is Supply Current 











CMRR Common Mode Rejection Ratio 

PSRR Power Supply Rejection Ratio 

Vom Input Common-Mode Voltage 
Range 

Ay Large Signal Voltage Gain 


LMV921 (Single) 


Large Signal Voltage Gain 
LMV922 (Dual) 
LMV924 (Quad) 





Condition 


Typ 
(Note 5) 


LMV921 (Single) —1.8 
—1.8 


LMV922 (Dual) 
LMV924 (Quad) 


LMV921 (Single) 145 


LMV922 (Dual) 330 


LMV924 (Quad) 560 


0 < Voy < 0.6V 


©O 
ine) 


~0.2V < Voy < OV 
1.8V < Voy < 2.0V 
1.8V < Vt <5V, | 
Vom = 0.5V 

For CMRR = 50dB 


“J 
© 


° “NI 
oS K 


N 
— 
O1 


R, = 6002 to 0.9V, 

Vo = 0.2V to 1.6V, Voy = 0.5V 
R, = 2kQ to 0.9V, 

Vo = 0.2V to 1.6V, Voy = 0.5V 
R, = 6002 to 0.9V, 

Vo = 0.2V to 1.6V, Voy = 0.5V 
R, = 2kQ to 0.9V, 

Vo = 0.2V to 1.6V, Voy = 0.5V 


N co co 


joe) 
o 
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Operating Ratings (note 1) 


1.5V to 5.0V 
-40°C < T, < 85°C 


440 °C/W 


265 °C/W 


235°C/W 


155°C/W 


175°C/W 
127°C/W 


Limits 
(Note 6) 


or CG 


& PO 
© oi 


185 
205 
400 
550 
700 
850 


ao DD 
Oo WM 


Oo 
Oo 


a mo 
NN 


ee 


DOD1'D ON O(N N 
@O co; O11 01 CO] @ N 
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Units 


mV . 


max 


mV 
max 


uVv/’C 


=| 
> 


max 


nA 
max 


HA 
max 


dB 
min 


dB 
min 


max 
min 
dB 


min 


dB 
min 


DC6AIN T/CC6AW T/ELC6AW 





LMV921/LMV922/LMV924 


1.8V DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 1.8V, V ~ = OV, Vow = V*/2; Vo = V*/2 and 
R,_ > 1 MQ. Boldface limits apply at the temperature extremes. : ; | 


Symbol Parameter Typ Limits — Units 
(Note 5) (Note 6) . 
Vo Output Swing R, = 600Q to 0.9V 1.7 1.65 Vv 
| Vin = + 100mV 1.63 min 





. 
0.105 max 
Vin = + 100mV 1.74 | min 
0.040 max 
Vin = 100mV 3.3 min 
Vin = -100mV 5 min 
1.8V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 1.8V, V ~ = OV, Voy = V*/2, Vo = V*/2 and 
R, > 1 MQ. Boldface limits apply at the temperature extremes. 





Output Short Circuit Current 





Symbol Conditions Typ Units 
| (Note 5) 
SR Vibs 
GBW | GainBandwidth Product | SSSCS™~—~sSCSsSSSSSC*d;CSCW 
®, | PhaseMargnSC~—“—sS*Ss*S*SCC‘“—sSsSsSSsSSC“‘ «dC 
Gn | GanMagin SSC«dESC“‘(SCSOCOCOCOC™CT]C‘T}OCO*dYSCiéC 
en Input-Referred Voltage Noise f = 1 kHz, Voy = 0.5V 45 an 2 
in Input-Referred Current Noise f= 1 kHz 0.1 pA 
THD Total Harmonic Distortion f = 1kHz, Ay = +1 Yee | 

! R,, = 600kQ, Vy = 1 Vpp 0.089 % 
140 


Amp-to-Amp Isolation (Note 8) | 140s BB 


2./V DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V~ = OV, Vow = V*/2, Vo = V*/2 and 
R, > 1 MQ. Boldface limits apply at the temperature extremes. 


Symbol Parameter Typ Limits Units 
(Note 5) (Note 6) 





Vos Input Offset Voltage LMV921 (Single) mV 
LMV922 (Dual) -1.6 : mvV 
LMV924 (Quad) max 
TCVos Input Offset Voltage Average 1 yV/'C 
Drift 
lp Input Bias Current 12 35 nA © 
50 max 
los Input Offset Current 2 25 nA 
40 max 
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2./V DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V ~ = OV, Voy = V*/2, Vo = V*/2 and 
R, > 1 MQ. Boldface limits apply at the temperature extremes. 





VEGAW T/2C6AN T/L C6AWNT 


(Note 5) (Note 6) 
Is Supply Current LMV921 (Single) 147 lan 
LMV922 (Dual) 380 450 uA 
600 max 
LMV924 (Quad) 580 750 
900 
CMRR Common Mode Rejection Ratio | OV < Voy s 1.5V 84 62 
60 dB 


-0.2V < Vom < OV min 


2.7V < Vom < 2.9V 


PSRR Power Supply Rejection Ratio 1.8V < Vt < 5V, 
Vom = 0.5V 


Vom Input Common-Mode Voltage For CMRR 2 50dB 
Range 





dB 
min 


NX 
© 


w 
oi 
oO 


max 


3.050 
min 


) 
wo 

NMG O19 ® 
< < 








Large Signal Voltage Gain R,_ = 600Q to 1.35V, 





oO; : 
oO 













LMV921 (Single) Vo = 0.2V to 2.5V 75 dB 
Vo = 0.2V to 2.5V 77 

Large Signal Voltage Gain R, = 600 to 1.35V, 68 

LMV922 (Dual) Vo = 0.2V to 2.5V 63 dB 

LMV924 (Quad) R, = 2kQ to 1.35V, 91 71 min 
Vo = 0.2V to 2.5V 65 


2.550 V 
2.530 min 


Output Swing 


| a 


2.62 


R, = 6000 to 1.35V 
Vin =F 100mV 


0.075 
0.115 max 


R._ = 2kQ to 1.35V 2.675 


Vin = + 100mV min 
0.025 
max 


seta de = 

2 O|D co) 

ABR © 

ooloo oO 
< 





lo Output Short Circuit Current Sourcing, Vo = OV 7 20 mA 
Vin = 100mV 15 min 
Sinking, Vo = 2.7V 8 22 mA 
Vin = -100mV 16 min 





2./V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V~ = OV, Voy = 1.0V, Vo = 1.35V and 
R, > 1 MQ. Boldface limits apply at the temperature extremes. 


(Note 5) 
SR Vins 
GBW | _GainBandwidth Products| —SSSSSCS~—SCSC‘ |S Sd SC 
®, | PhaseMarin STS ™C~“*~*~*~*S*~*~*—~—~—‘iSC*C‘“‘ '!C~*dé;~C*C#U SG 
Gn _| GainMargin SSSC«dT SC SCSC™~“—;™S~C~C~CCCCCCCYTSC“‘cOC(Cd(’#COC 
e, Input-Referred Voltage Noise f = 1 KHz, Von = 0.5V 45 nv 
Sicmaiicnanill | | ok 
ln Input-Referred Current Noise = 1 kHz pA 
esaecondarieanie | 
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LMV921/LMV922/LMV924 


2.7V AC Electrical Characteristics (continued) 
Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V~ = OV, Vey = 1.0V, Vo = 1.35V and 


R, > 1 MQ. Boldface limits apply at the 






Parameter 


Total Harmonic Distortion 


Amp-to-Amp Isolation 


temperature extremes. 
| Conditions 






f = 1 kHz, Ay = +1 


(Note 8) 


5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Vt = 5V, V~ = OV, Voy = V*/2, Vo = V*t/2 and 
R, > 1 MQ.Boldface limits apply at the temperature extremes. 


Input Offset Voltage 





| Input Offset Voltage Average 
Drift 
; Input Bias Current 
los Input Offset Current 


Is Supply Current 





CMRR Common Mode Rejection Ratio 


PSRR Power Supply Rejection Ratio 













Vom Input Common-Mode Voltage 
Range 
Ay Voltage Gain 


LMV921 (Single) 


Voltage Gain 
LMV922 (Dual) 
LMV924 (Quad) 
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Condition 
LMV921 (Single) 


LMV922 (Dual) 
LMV924 (Quad) 


LMV921 (Single) 
LMV922 (Dual) 


LMV924 (Quad) 


OV < Vou < 3.8V 


—0.2V < Vow < OV 
5.0V < Vow < 5.2V 
1.8V < Vi <5V 
Vow = 0.5V 

For CMRR 2 50dB 


R, = 6002 to 2.5V 
Vo = 0.2V to 4.8V 


R, = 2kQ to 2.5V 
Vo = 0.2V to 4.8V 


R,, = 6002 to 2.5V 
Vo = 0.2V to 4.8V 


R. = 2kQ to 2.5V 
Vo = 0.2V to 4.8V 
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sk 
ne] 


R, = 600kQ, Vin = 1 Vpp 






- 
| 


(Note 5) 


I 
— 
O1 


| 
— 
oOo 


160 


400 


750 


S ~I “NI 

ct 6] UN 
ma) yo 
Hee 


5.350 


104 


108 


(Note 5) 


0.077 


140 


Limits 
(Note 6) 


o1 G 


f NO 
oO oO 


210 
230 
500 
700 
850 
980 


Qm oO 
= 1 


E 
i] 


o oO) 
NN 


NN] OQ Ni @ ©} C&O © 





Units 


mV 
max 
mV 
max 
uVv/°C 
nA 


max ° 


nA 
max 


UWA 
max 


dB 
min 


dB 
min 


max 
min 
dB 


min 


dB 
min 


5V DC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 5V, V~ = OV, Vow = V*/2, Vo = V*/2 and 
R, > 1 MQ.Boldface limits apply at the temperature extremes. 


| (Note 5) (Note 6) 
Vo Output Swing R,_ = 600Q to 2.5V 4.895 4.865 V 
0.1 0.135 V 
0.160 max 
R, = 2kQ to 2.5V 4.965 4.945 V 
Vin = = 100mV . | 4.935 min 
0.035 © 0.065 V 
0.075 max 
LMV921 Sourcing, Vo = OV ae 
Vin = 100mV 68 
mA 


LMV922, LMV924 Sourcing, Vo = 35 nif 
OV 

Sinking, Vo = 5V 75 65 mA 
Vin = —100mV 45 min 


Vin = 100mV 
5V AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 5V, V~ = OV, Voy = V*/2, Vo = 2.5V and 
R , > 1 MQ. Boldface limits apply at the temperature extremes. 


Symbol Parameter Conditions Typ Units 
. (Note 5) 


sR 0.6 vive 
GEW | Gain Bandwiath Product’ ——SCdSSSCSC“~“~*~*~“~*~dCSCS ie 
Gn | Gain Margin ———SSSSCSC~iSSSSSCSCSCSCS~S a8 


en, Input-Referred Voltage Noise f= 1 kHz, Vow = 1V 45 
in Input-Referred Current Noise f= 1 kHz 0.1 





VE6AW VCc6AW T/LC6AWNT 





Output Short Circuit Current 














aE 
=(8 Nil 


— 
ol 


THD Total Harmonic Distortion f = 1 kHz, Ay = +1 0.069 % 
Ry, = 600Q, Vo = 1 Vpp ‘ 


Amp-to-Amp Isolation (Note 8) | 140 dB 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. Machine model, 200Q in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of 45 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax) » 98ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (TJmaxy—T a)/®ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V* = 5V. Connected as voltage follower with 5V step input. Number specified is the slower of the positive and negative slew rates. 
Note 8: Input referred, V* = 5V and R; = 100kQ connected to 2.5V. Each amp excited in turn with 1kHz to produce Vo = 3Vpp. 
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LP324/LP2902 


National Semiconductor 





LP324/LP2902 
Micropower Quad Operational Amplifier. 


General Description Features 


The LP324 series consists of four independent, high gainin- | ™ Low supply current: 125 yA (max) 
ternally compensated micropower operational amplifiers. |= Low offset voltage: 2 mV (max) 
These amplifiers are specially suited for operation in battery = ~Low input bias current: 4 nA (max) 
systems while maintaining good input specifications, and ex- — @_|nput common mode to GND 

tremely low supply current drain. In addition, the LP324 has, Interfaces to CMOS logic 

an input common mode range, and output source range wide supply range: 3V < V* < 32V 
which includes ground, making it ideal in single supply appili- ji 

ealions: # Small Outline Package available 
These amplifiers are ideal in applications which include por- = Pinror ein compatible Mithe Maes 
table instrumentation, battery backup equipment, and other 
circuits which require good DC performance and low supply 
current. 


Connection Diagram Simplified Schematic 


Dual-In-Line (N) and SO (M) 


OUT4 IN4~ IN4* GND IN3* IN37  OUT3 
12 11 9 





OUT! INi7 IN1* vt  WN2* = IN27™  OUT2 
DS008562-1 


Order Number LP324M or LP2902M 
See NS Package Number M14A 
Order Number LP324N or LP2902NSee NS Package 
Number N14A 


Supply Current Open Loop 
Frequency Response 


oo No 
















3 S oo pe HAL 
: go lll INS | 
a S 
= tl a ANU Taz 125°C 
<t 
> al pal ‘or 
a) ' 10 
3g UNM IN TAIT TPIS 
< 


CUTIE TT TTT TINS 
LTV UTI TTI UTI 


V* SUPPLY VOLTAGE (Vp¢) 10 100 1k = 10k = 100k 1M 


DS008562-23 f FREQUENCY (Hz) 
DS008562-25 
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DS008562-2 





s a a a a "~ 

Absolute Maximum Ratings (note 1) Operating Conditions 0 
if Military/Aerospace specified devices are required, Package = 
please contact the National Semiconductor Sales Office/ N M U0 
Distributors for availability and specifications. ee is 

| Power Dissipation 500 mW =500 mW | & 
Supply Voltage 32V or + 16V (Note 4) Nn 

LP2902 26Vor+13V T, Max 150°C 150°C 
Differential Input Voltage 32V Oia. 90°C/IW-140°C/W 

LP2902 26V Operating Temp. Range (Note 5) (Note 5) 
Input Voltage (Note 2) -0.3V to 32V Storage Temp. Range 65°C < T< 150°C 

(One Amplifier) (Note 3) Vapor Phase (60 sec.) 215°C 
V+ < 15V and Ty = 25°C Inf 1 : 

ESD Susceptibility (Note 10) +500V pied asec) Zee 


Electrical Characteristics (note 6) 


Symbol 


CMRR 


PSRR 


lout 
Source 


lout 


Sink 


lout 


Sink 


Isou rce 


Isink 










Parameter Conditions Tested = 
ie Limit Limit Typ imi imi 
(Note 7) (Note 8) 
Input Offset 
wt 
Input Bias 
Beppo toe) ba 
nat Offset 
foe | EE Et 
Voltage 
st 
Common Vt = 30V 
Mode Rej. OV < Vem 
Ratio Vom < Vt= 1.5 
Power = 5V to 30V 
Supply Rej. 
: iil el ik Salil il Sl 
Supply 
a ee a 


Output 
Voltage 





Gain 




















Swing 







I, = 350 pA 
to Vt 
Vom = OV 






Output 
Source 









Vin (diff) = 1V 






Current 
Output 
Sink 
Current 
Output 
Sink 
Current 










Vo = 1.5V 
Vin (diff) = 1V 








Output Vin (diff) = 1V 20 25 20 25 

Pte | te 
Output V,, (diff) = 1V 15 30 15 30 

PEP Ee ey | te 


Units 
Limits 


mV 
(Max) 
nA 
(Max) 
nA 
(Max) 
V/imV 
(Min) 


dB 
(Min) 


dB 
(Min) 


pA 
(Max) 


(Min) 


(Max) 


mA 
(Min) 


mA 
(Min) 


mA 
(Min) 
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LP324/LP2902 


Electrical Characteristics (Note 6) (Continued) 






Tested 
Limit 
(Note 7) 


Units 
Limits 






Symbol Parameter Conditions 
; ot ag Limit 
(Note 8) 










uvic* 


_pA/C* 


GBW 
Bandwidth 100 100 KHz 





Product 


3 





V/imS 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating nave indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. 


Note 2: The input voltage is not allowed to go more than -0.3V below V~ (GND) as this will turn on a parasitic transistor causing large currents to flow through the 
device. 


Note 3: Short circuits from the output to GND can cause excessive heating and eventual destruction. The maximum sourcing output current is approximately 30 mA 
independent of the magnitude of V*. At values of supply voltage in excess of 15 Vpc, continuous short-circuit to GND can exceed the power dissipation ratings (par- 
ticularly at elevated temperatures) and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 


Note 4: For operation at elevated temperatures, these devices must be derated based on a thermal resistance of 6j, and Tj max. Tj = Ta + 8jaPp. 

Note 5: The LP2902 may be operated from —40°C < T, < +85°C, and the LP324 may be operated from 0°C < Ty, < +70°C. 

Note 6: Boldface numbers apply at temperature extremes. All other numbers apply only at Ta = Tj = 25°C, V* = 5V, Vom = V/2, and Ry =100k connected to GND 
unless otherwise specified. . 

Note 7: Guaranteed and 100% production tested. 


Note 8: Guaranteed (but not 100% production tested) over the operating supply voltage range (3.0V to 32V for the LP324, LP324, and 3.0V to 26V for the LP2902), 
and the common mode range (OV to V* —1.5V), unless otherwise specified. These limits are not used to calculate outgoing quality levels. 


_ Note 9: The LP2902 operating supply range is 3V to 26V, and is not tested above 26V. 


Note 10: The test circuit used consists of the human body model of 100 pF in series with 1500Q. 
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LPC660 


National Semiconductor 


Low Power CMOS Quad Operational Amplifier 


General Description 


The LPC660 CMOS Quad operational amplifier is ideal for 
operation from a single supply. It features a wide range of 
operating voltages from +5V to +15V and features rail-to-rail 
output swing in addition to an input common-mode range 
that includes ground. Performance limitations that have 
plagued CMOS amplifiers in the past are not a problem with 
this design. Input Vog, drift, and broadband noise as well as 
voltage gain (into 100 kQ and 5 kQ) are all equal to or better 
than widely accepted bipolar equivalents, while the power 
supply requirement is typically less than 1 mW. 


This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 


See the LPC662 datasheet for a Dual CMOS operational 
amplifier and LPC661 datasheet for a single CMOS opera- 
tional amplifier with these same features. 


Applications 
m High-impedance buffer 
m Precision current-to-voltage converter 


Application Circuit 


Long-term integrator 
High-impedance preamplifier 
Active filter 
Sample-and-Hold circuit 
Peak detector 


Features 


Rail-to-rail output swing 
Micropower operation: 

Specified for 100 kQ and 5 kQ loads 
High voltage gain: 

Low input offset voltage: 

Low offset voltage drift: 

Ultra low input bias current: 

Input common-mode includes V~- 
Operation range from +5V to +15V 
Low distortion: 

Slew rate: 

Full military temp. range available 


(1 mW) 


120 dB 

3 mV 

1.3 uV/°C 
2 fA 


0.01% at 1 kHz 
0.11 V/us 


Sine-Wave Oscillator 


C1 


20k 


20k 


Oscillator frequency is determined by R1, R2, C1, and C2: 
fosc = 1/2nRC 
where R = R1 = R2 and C = C1 = C2. 
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C2 


R2 


Vout 


1N914 
Cx 
300 pF 


DS010547-10 
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LPC660 


Absolute Maximum Ratings (note 3) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Differential Input Voltage +Supply Voltage 
Supply Voltage (V* - V-) 16V 
Output Short Circuit to Vt (Note 11) . 
Output Short Circuit to V~ (Note 1) 
Lead Temperature 

(Soldering, 10 sec.) 260°C 
Storage Temp. Range -—65°C to +150°C 
Junction Temperature (Note 2) 150°C 
ESD Rating 

(C = 100 pF, R = 1.5 kQ) 1000V 
Power Dissipation (Note 2) 
Current at Input Pin +5 mA 
Current at Output Pin +18 mA 


DC Electrical Characteristics 


Voltage at Input/Output Pin 


(V*) + 0.3V, (V7) - 0.3V 
Current at Power Supply Pin 


35 mA 
Operating Ratings (Note 3) 


Temperature Range 
-55°C < T, < +125°C 


LPC660AM 
LPC660AI 40°C < T, <$ +85°C 
LPC660I -40°C <T, < +85°C 


Supply Range 4.75V to 15.5V 


Power Dissipation (Note 9) 
‘Thermal Resistance (8,,), (Note 10) 
14-Pin Ceramic DIP 90°C/W 
14-Pin Molded DIP 85°C/W 
14-Pin SO 115°C/W 
14-Pin Side Brazed Ceramic DIP 90°C/W 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V> 
= OV, Vom = 1.5V, Vo = 2.5V, and R, > 1M unless otherwise specified. 












Parameter Conditions Typ LPC660AM LPC660AI LPC660I Units 
rcsenwines | 
Limit Limit — Limit -| 
Input Offset Voltage 1 a ee ee eee mV 
Input Offset Voltage 1.3 uv 
Input Bias Current 0.002 P= Oe pA 
Input Offset Current 0.001 eS 7 aes ee pA 
Common Mode OV < Vom < 12.0V 83 dB 
Positive Power Supply | 5V < V* < 15V 83 dB 
Negative Power Supply OV< V- <-10V — 94 dB 
Input Common Mode V+ = 5V & 15V -0.4 ~0.1 -0.1 V 
Voltage Range For CMRR > 50 dB = 0. i 0 — |i — 0 max 
VF -—1.9 Vt - 2.3 Vt - 2.3 Vt ~ 2.3 V 
Vt - 2.6 Vt — 2.5 V* - 2.5 min 
Large Signal R, = 100 kQ (Note 5) 1000 400 400 300 V/mV 
Vottage Gain Sourcing ad gee nee oe 
Sinking so | 180 | 180 ~| 90__—‘|_vimv 
RL = 5 ka (Note 8 1000 vim 
Sinking 250 100 | 100 =| 50s mv 
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DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 


= OV, Vom = 1.5V, Vo = 2.5V, and R, > 1M unless otherwise specified. 


Parameter 


Output Swing 


Output Current 
Vt =5V 


Output Current 
Vt = 15V 


Supply Current 


Conditions Typ LPC660AM LPC660I 
LPC660AMU/883 
Limit Limit Limit 
(Notes 4, 8) (Note 4) 
4.970 4.940 


0.030 0.030 0.060 


4.850 4.750 
0.150 0.250 
280 
14.920 14.880 
14.880 14.820 
0.030 0.060 
a 


Vt =5V 
R, = 100 kQ to V*/2 


4.987 


0.004 


Vt = 5V 
R, = 5 kQ to V*/2 


4.940 


0.040 


15V 
100 kQ to V*/2 


14.970 


0.007 



















V+ = 15V 14.840 14.680 14.680 14.580 

Ru = 5 kQ to V*/2 14.600 14.480 
0.110 0.220 0.220 0.320 

Sourcing, Vo = OV 22 | 16 

Sinking, Vo = 5V 2 | 16 

Sourcing, Vo = OV 40 | 2B 

Sinking, Vo = 13V 39 Pp, see. 

(Note 11) | 

All Four Amplifiers 160 | 200 
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5V, V- 


Units 


< 


min 


Max 


min 


max 


min 


max 


min 


max 
mA 
min 
mA 
min 
mA 
min 
mA 
min 
UA 
max 
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LPC660 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V~ 


= OV, Voy = 1.5V, Vo = 2.5, and R,; > 1M unless otherwise specified. 


Parameter 


Slew Rate 


Gain-Bandwidth Product 
Phase Margin 

Gain Margin 

Amp-to-Amp Isolation 

Input Referred Voltage Noise 


Input Referred Current Noise 


Total Harmonic Distortion 





Conditions Typ LPC660AM LPC660AI | LPC660I Units 
. oo LPC660AMJ/883 


Limit Limit Limit 
(Notes 4, 8) (Note 4) | (Note 4) 





a (<0 aS 
Ce, 
a a 
F = 1 kHz, Ay = —10 0.01 % 





Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 2: The maximum power dissipation is a function of Tymax), 89ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 


(Ty(max)~ Ta) 8ua- 


Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 4: Limits are guaranteed by testing or correlation. 

Note 5: Vt = 15V, Voy = 7.5V and R,_ connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 6: V* = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 7: Input referred. Vt = 15V and Ri = 100 kQ connected to V*/2. Each amp excited in turn with 1 KHz to produce Vo = 13 Vpp. 


Note 8: A military RETS electrical test specification is available on request. At the time of printing, the LPC660AMJ/883 RETS specification complied fully with the 
boldface limits in this column. The LPC660AMJ/883 may also be procured to a Standard Military Drawing specification. 


Note 9: For operating at elevated temperatures, the device must be derated based on the thermal resistance 65, with Pp = (Ty-T,a)/Oja. 


Note 10: Ali numbers apply for packages soldered directly into a PC board. 
Note 11: Do not connect output to Vtwhen V* is greater than 13V or reliability may be adversely affected. 
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National Semiconductor 


L9990d1 





LPC661 
Low Power CMOS Operational Amplifier 


Low supply current 55 yA 
Specified for 100 kQ and 5 kQ loads 
High voltage gain 120 dB 


General Description 


a 
The LPC661 CMOS operational amplifier is ideal for opera- zi 
tion from a single supply. It features a wide range of operat- 
ing supply voltage from +5V to +15V, rail-to-rail output swing LOW input offset voltage 3 mV 

and an input common-mode range that includes ground. ™ Low offset voltage drift 1.3 yV/'C 
Performance limitations that have plagued CMOS amplifiers  ™ Ultra low input bias current 2 fA 

in the past are not a problem with this design. Input Vos, = Input common-mode range includes GND 
drift, and broadband noise as well as voltage gain (into 100 m Operating range from +5V to +15V 

kQ and 5 kQ) are all equal to or better than widely accepted @ [Low distortion 0.01% at 1 kHz 

bipolar equivalents, while the supply current requirement is = Slew rate 0.11 V/us 

typically 55 pA. 

This chip is built with National’s advanced Double-Poly i i 

Silicon-Gate CMOS process. Applications 
See the LPC660 datasheet for a Quad CMOS operational 


amplifier or the LPC662 data sheet for a Dual CMOS opera- 
tional amplifier with these same features. 


High-impedance buffer 

Precision current-to-voltage converter 
Long-term integrator 
High-impedance preamplifier 

Active filter 

Sample-and-Hold circuit 

Peak detector 


Features 


(Typical unless otherwise noted) 
m Rail-to-rail output swing 


Application Circuits 


10 Hz Bandpass Filter 1 Hz Low-Pass Filter 
(Maximally Flat, Dual Supply Only) 


R1 R4 


VouT 
Vin 





-Voco 









f, = 1Hz 
0.02 uF d = 1.414 


Gain = 1.57 





DS011227-21 


fo = 10 Hz DS011227-23 
Q= 2.1 
Gain = 18.9 dB 
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Absolute Maximum Ratings (note 1) Current at Output Pin £18 mA 


If Military/Aerospace specified devices are required, Voltage Input/Output Pin (V*) +0.3V, (V7) -0.3V 

please contact the National Semiconductor Sales Office/ Current at Power Supply Pin 35 MA 

Distributors for availability and specifications. ; : 

Supply Voltage (V* ~'V-) a Operating Ratings (Note 1) 

Differential Input Voltage +Supply Voltage Supply Voltage 4.75V < Vt < 15.5V 

Output Short Circuit to V* (Notes 2, 9) Junction Temperature Range 

Output Short Circuit to V~ (Note 2) LPC661AM -55°C < T,< +125°C 

_ Storage Temperature Range -65'C to +150°C LPC661Al -40°C < T, < +85°C 

Lead Temperature LPC661I -40°C < T, < +85°C 
(Soldering, 10 sec.) | 260°C Power Dissipation 7 (Note 7) 

Junction Temperature (Note 3) | 150°C Thermal Resistance (6,,) (Note 8) 

Power Dissipation | (Note 3) 8-Pin DIP | 101°C/W 

ESD Rating 8-Pin SO 165°C/W 
(C=100 pF, R=1.5 kQ) 1000V 

Current at Input Pin +5 mA 


DC Electrical Characteristics 


The following specifications apply for V* = 5V, V~ = OV, Voy = 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 
face limits apply at the temperature extremes; all other limits T,; = 25°C. 


— Vos 


Input Offset Voltage 
TCVos Input Offset Voltage 
Average Drift 
lp Input Bias Current 
log Input Offset Current 


CMRR Common Mode OV < Vow s 12.0V 

+PSRR | Positive Power SHEP IY 5V<Vt< 15V 
dL 

“PSRA Negative Power Supply OV <V <-10V 
frossentae [| 





LPC661AM | LPC661AI | LPC661I 
Limit Limit Limit 
(Note 4) 







0.001 20 pA 
100 max 


0.002 20 pA 
100 max 


min 


82 83 73 min 












ola wn 
Blo Oo 
ola nw 
KRlo oO 
NI] OQ oO 
Ais © 
°. 2. 
ve Ww 


Vom Input Common Mode = 5V and 15V —0.1 -0.1 -0.1 V 
Voltage Range for CMRR = 50 dB max 
Vt— 1.9 V+ -2.3 Vt - 2.3 Vt - 2.3 V 
Vt-26 | Vt-25 | Vt-25 min 
Ay Large Signal maa 1000 400 400 300 V/mV 
| Voltage Gain beg 250 300 200 min 
Sinking 180 180 90 V/mV 
R, = 100 kQ (Note 5) = 70 120 70 min 
Sourcing 1000 200 200 100 V/mV 
R, = 5 kQ (Note 5) [| 150 160 80 min 
Sinking 250 100 100 50 V/mV 
R, = 5 kQ (Note 5) 35 60 40 min 
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DC Electrical Characteristics (Continued) 


The following specifications apply for Vt = 5V, V~ = OV, Voy = 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 
face limits apply at the temperature extremes; all other limits T, = 25°C. . 


LPC661AM | LPC661Al LPC661I Units 
Symbol Parameter Conditions Typ Limit Limit Limit (Limit) 1 
Vo Output Swing VS eV 4.987 4.970 4.970 4,940 V 
0.004 0.030 0.030 0.060 V 
= 5V 4.940 4.850 4.850 4,750 V 
0.040 0.150 0.150 0.250 V 
. oo 0.250 0.250 max 
14.970 14.920 14.920 14.880 V 
0.007 0.030 0.030 0.060 V 
14.840 14.680 14.680 14.580 V 
0.110 0.220 0.220 0.320 V 
lo Output Current Sourcing, Vo = OV 22 16 16 13 mA 
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JD 
ce 
I 


100 kQ to 2.5V 






3 
@ 
x 


15V 
100 kQ to 7.5V 


Vt = 15V 
R, = 5 kQ to 7.5V 





— 1 | ot 
= ©/|— 





Sinking, Vo = 5V 21 16 16 mA 

lo Output Current Sourcing, Vo = OV 40 19 28 23 mA 
Vt = 15V ie 19 20 min 
Sinking, Vo = 13V 39 19 28 23 mA 

(Note 9) ae 19 24 19 min 

Is Supply Current V* = 5V, Vo = 1.5V 55 60 60 70 UA 
Vt = 15V, Vo = 1.5V 58 75 75 uA 


AC Electrical Characteristics 


The following specifications apply for Vt = 5V, V~ = OV, Voy = 1.5V, Vo = 2.5V, and R, = 1M unless otherwise noted. Bold- 
face limits apply at the temperature extremes; all other limits T, = 25°C. 


LPC661AM |LPC661AI | LPC661I Units 
Symbol Parameter Conditions imi Limit (Limit) 
(Note 4) 
SR Slew Rate (Note 6) 0 0.07 0.07 0.05 . V/us 
F ree 


Typ 
1 
GBW | GainBandwiath Prout [| SSSCSC~dC« kHz 
50 
pFetkHz | 4 





Gain Margin dB 


M ema ests 

6G, Input Referred Voltage Noise = 1 kHz Sl ae nV/VHz 

ie Input Referred Current Noise | F = 1 kHz ooo2} | | | paz 
7 a 


T.H.D. | Total Harmonic Distortion = 1 kHz, Ay = -10 0.01 
Ry, = 100 kQ, Vo = 8 Vpp % 
V* = 15V 
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LPC661 


AC Electrical Characteristics (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. ine 
guaranteed specifications apply only for the test conditions listed. 


Note 2: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the maxi- 
mum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 3: The maximum power dissipation is a function of Tymax), 89ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp - 
(Ty (max) y-Ta)/ JA: 

Note 4: Limits are guaranteed by testing or correlation. 

Note 5: V+ = 15V, Voy = 7.5V and R, connected to 7.5V. For sourcing tests, 7.5V < Vo < 11.5V. For sinking tests, 2.5V < Vo < 7.5V. 

Note 6: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 7: For operating at elevated temperatures the device must be derated based on the thermal resistance 6), with Pp = (Ty-T,)/®ya. 

Note 8: All numbers apply for packages soldered directly into a PC board. 

Note 9: Do not connect output to V* when V* is greater than 13V or reliability may be adversely affected. 
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LPC662 


Low Power CMOS Dual Operational Amplifier 


General Description 


The LPC662 CMOS Dual operational amplifier is ideal for 
operation from a single supply. It features a wide range of 
operating voltage from +5V to +15V, rail-to-rail output swing 
in addition to an input common-mode range that includes 
ground. Performance limitations that have plagued CMOS 
amplifiers in the past are not a problem with this design. In- 
put Vos, drift, and broadband noise as well as voltage gain 
(into 100 kKQ and 5 kQ) are all equal to or better than widely 
accepted bipolar equivalents, while the power supply re- 
quirement is typically less than 0.5 mW. 


This chip is built with National’s advanced Double-Poly 
Silicon-Gate CMOS process. 


See the LPC660 datasheet for a Quad CMOS operational 
amplifier and LPC661 for a single CMOS operational ampli- 
fier with these same features. 


Applications 


@ High-impedance buffer 
m@ Precision current-to-voltage converter 


Application Circuit 


Long-term integrator 
High-impedance preamplifier 
Active filter 
Sample-and-Hold circuit 
Peak detector 


Features 


Rail-to-rail output swing 

Micropower operation (<0.5 mW) 
Specified for 100 kQ and 5 kQ loads 
High voltage gain 

Low input offset voltage 

Low offset voltage drift 

Ultra low input bias current 

Input common-mode includes GND 
Operating range from +5V to +15V 
Low distortion 

Slew rate 

Full military temperature range available 


120 dB 

3 mV 

1.3 uV/C 
2 fA 


0.01% at 1 kHz 
0.11 V/us 


Howland Current Pump 
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LPC662 


Absolute Maximum Ratings (note 3) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Differential Input Voltage +Supply Voltage 
Supply Voltage (V* — V-) 16V 
Output Short Circuit to V* (Note 11) 
Output Short Circuit to V~ (Note 1) 
Lead Temperature 

(Soldering, 10 sec.) 260°C 
Storage Temp. Range -65°C to +150°C 
Junction Temperature 150°C 
ESD Rating | 

(C = 100 pF, R = 1.5 kQ) 1000V 
Power Dissipation (Note 2) 
Current at Input Pin +5 mA 
Current at Output Pin +18 MA 


DC Electrical Characteristics 


. 35 mA 
(V*) +.0.3V, (V7) -0.3V 


Current at Power Supply Pin 
Voltage at Input/Output Pin 


Operating Ratings (note 3) 


Temperature Range 
-55°C < Ty < +125°C 


LPC662AMJ/883 
LPC662AM -55°C < T, < +125°C 
LPC662AlI -40°C < T, < +85°C 
LPC662I -~40°C < T, < +85°C 


Supply Range 4.75V to 15.5V 


Power Dissipation (Note 9) 

Thermal Resistance (0,,) (Note 10) 
8-Pin Ceramic DIP 100°C/W 
8-Pin Molded DIP. 101°C/W 
8-Pin SO 165°C/W 
100°C/W 


8-Pin Side Brazed Ceramic DIP 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V~ 


= 0V,V 
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cm = 1.5V, Vo = 2.5V and R,; > 1M unless otherwise specified. | 





| LPC662AM LPC662AI LPC662I 
Parameter Conditions Typ LPC662AMJ/883 Limit Limit Units 
Limit (Note 4) — 
| (Notes 4, 8) | | 
Input Offset Voltage 1 ae et oe ee mV 
Input Offset Voltage 1.3 —pVvrc 
Input Bias Current 0.002 20 pA 
Input Offset Current 0.001 a | a aia pA 
Common Mode OV < Vom Ss 12.0V 83 dB 
Positive Power Supply | 5V < V* < 15V 83 dB 
Negative Power Supply OV<V- <-10V 94 dB 
Input Common-Mode V* = 5V and 15V —0.4 V 
Voltage Range For CMRR = 50 dB a ee ee ee ee 
Vr-1.9 vt-23 | Vt-23 V 
VV-25 | Vt-25 min 
Large Signal R. = 100 kQ (Note 5) 1000 VimV © 
Vottage Gain Sourcing ee eres 
Sinking a a ZY 
a 
R, = 5 kQ (Note 5) 1000 200 200 100 V/mV 
Sourcing Rai coc. et ae on ee 
Sinking 250 Vienv 


DC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V~ 
= OV, Voy = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 
LPC662AM LPC662Al LPC662i 


Parameter Conditions Typ LPC662AMJ/883 Limit Limit Units 


Limit (Note 4) (Note 4) 
(Notes 4, 8) 








Ouiput Swing Vea 8V 4.987 v 
0.004 v 
= 0.050 0.050 0.090 max 
Output Current Sourcing, Vo = OV 46 te 8 mA 
Output Current Sourcing, Vo = OV ee ee eee mA 
Supply Current Both Amplifiers ea ee Se ee ae UA 


1-291 www.national.com 


699Dd1 


LPC662 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V, V~ 
= OV, Voy = 1.5V, Vo = 2.5V and R, > 1M unless otherwise specified. 


LPC662AlI 
Limit 






LPC662! 
Limit 
(Note 4) 







LPC662AM 
LPC662AMJ/883 
Limit 
(Notes 4, 8) 


oo7 | 008 | Vie 






Units 







Slew Rate (Note 6) 






Se min 

Phase Margin CSS 8 SSCS™S—~SSS~SsSSS*S eg 

Gain Margin ee ee Ie oe 

Amp-to-Amp Isolation (Note 7) SD aE Dr Ran Be 

Total Harmonic Distortion = 1 kHz, Ay = -10, V* = 15V 0. % 
= = 100 kQ, Vo = 8 Vpp 





Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 2: The maximum power dissipation is a function of T ymax), 9ya, and Ta. The maximum allowable power dissipation of any ambient temperature is Pp = (Tj(max) 
— Ta)/Oya. 

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The 
guaranteed specifications apply only for the test conditions listed. 


Note 4: Limits are guaranteed by testing or correlation. 

Note 5: V* = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 2.5V < Vo < 7.5V. 

Note 6: Vt = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 
Note 7: Input referred. Vt = 15V and R; = 100 kQ connected to V*/2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 


Note 8: A military RETS electrical test specification is available on request. At the time of printing, the LPC662AMJ/883 RETS specification complied fully with the 
boldface limits in this column. The LPC662AMJ/883 may also be procured to a Standard Military Drawing specification. 


Note 9: For operating at elevated temperatures the device must be derated based on the thermal resistance 8j, with Pp = (Ty — Ta)/Oya.- 
Note 10: All numbers apply for packages soldered directly into a PC board. 
Note 11: Do not connect output to V*when V* is greater than 13V or reliability may be adversely affected. 
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National Semiconductor 


LPV321 Single/LPV358 Dual/LPV324 Quad 
General Purpose, Low Voltage, Low Power, Rail-to-Rail 
Output Operational Amplifiers 


General Description 


The LPV321/358/324 are low power (QUA per channel at 
5.0V) versions of the LMV321/358/324 op amps. This is an- 
other addition to the LMV321/358/324 family of commodity 
op amps. 

The LPV321/358/324 are the most cost effective solutions 
for the applications where low voltage, low power operation, 
space saving and low price are needed. The 
LPV321/358/324 have rail-to-rail output swing capability and 
the input common-mode voltage range includes ground. 
They all exhibit excellent speed-power ratio, achieving 
152 KHz of bandwidth with a supply current of only QUA. 


The LPV321 is available in space saving SC70-5, which is 
approximately half the size of SOT23-5. The small package 
saves space on pc boards, and enables the design of small 
portable electronic devices. It also allows the designer to 
place the device closer to the signal source to reduce noise 
pickup and increase signal integrity. 


The chips are built with National’s advanced submicron 
silicon-gate BiCMOS process. The LPV321/358/324 have bi- 
polar input and output stages for improved noise perfor- 
mance and higher output current drive. 


Connection Diagrams 


5-Pin 
$C70-5/SOT23-5 





DS100920-1 


Top View 


8-Pin SO/MSOP 





DS100920-2 


Top View 
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Features 


(For V* = 5V and V- = OV, Typical Unless Otherwise Noted) 
m= Guaranteed 2.7V and 5V Performance 
# No Crossover Distortion 


m Space Saving Package SC70-5 
2.0x2.1x1.0mm 
m Industrial Temp.Range -40°C to +85°C 
m= Gain-Bandwidth Product 152KHz 
m Low Supply Current 
LPV321 QUA 
LPV358 15yA 
LPV324 28uA 
m@ Rail-to-Rail Output Swing 
@ 100kQ Load V*-3.5mV 
V~+90mV 
@ Vom —0.2V to Vt-0.8V 
Applications 


= Active Filters 
m General Purpose Low Voltage Applications 
m General Purpose Portable Devices 


14-Pin SO/TSSOP 





DS100920-3 


Top View 
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LPV321 Single/LPV358 Dual/LPV324 Quad 


Absolute Maximum Ratings (Note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 

Machine Model | 

Human Body Model 
Differential Input Voltage 
Supply Voltage (V*—V ~) 
Output Short Circuit to V * 
Output Short Circuit to V ~ 
Soldering Information 

Infrared or Convection (20 sec) 

Storage Temp. Range 


Junction Temp. (T;, max) (Note 5) 150°C 
_ Operating Ratings (note 1) 
Supply Voltage 2.7V to 5V 


Temperature Range 


~40°C<T ,<85°C 


100V Thermal Resistance (6 y,)(Note 10) _ 

2000V 5-pin SC70-5 478°C/W 
+ Supply Voltage - 5-pin SOT23-5 265°C/W 
5.5V 8-Pin SOIC 190°C/W 
(Note 3) 8-Pin MSOP 235°C/W 
(Note 4) 14-Pin SOIC 145°C/W 
14-Pin TSSOP 155°C/W 

235°C | 


-~65'C to 150°C 


2.7V DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 2.7V, V~ = OV, Voy = 1.0V, Vo = V*/2 and R, > 1 MQ. 





Vos Input Offset Voltage 
TCVos Input Offset Voltage Average 
_ | Drift 
Ip Input Bias Current 
los Input Offset Current 
CMRR Common Mode Rejection Ratio 
PSRR Power Supply Rejection Ratio 
Vom Input Common-Mode Voltage 
Range 
Vo Output Swing 


Supply Current 
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OV < Vou < 1.7V 
2.7V <V*<5V 
Vo = 1V, Vom = 1V 


For CMRR = 50dB 


R, = 100kQ to 1.35V 





LPV321 

LPV358 

Both amplifiers 
LPV324 

All four amplifiers 
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Typ Limit 

(Note 6) (Note 7) Units 
va 
max 

max 

a ee 
max 

: 
min 

: 
min 

i ee 
min 

max 

i 
| min 

max 

a ee: 
max 

ee ee 
max 

: 
max 


2.7V AC Electrical Characteristics 7 
Unless otherwise specified, all limits guaranteed -for T , = 25°C, V* = 2.7V, V~ = OV, Voy = 1.0V, Vo = V*/2 and R, > 1 MQ. 


ut y Limit 


(Note 7) 
GBWP Gain-Bandwidth Product C, = 22 pF 112 
®,,, Phase Margin 


Gn __|GainMarsn | SC™~—~sCSSCSSC* 
e, Input-Referred Voltage Noise f = 1 kHz 178 


Units 





Hk 
3 ie ie 
= 
Peno pzeAd Wend sSeAd V/eabuls LZEAd1 


© 
on 
vo) 


in Input-Referred Current Noise 





5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T , = 25°C, V* = 5V, V™ = OV, Voy = 2.0V, Vo = V*/2 and R, > 1 MQ. 
Boldface limits apply at the temperature extremes. : 





10 max 
Drift . 
60 max 
50 max 
min 
PSRR | Power Supply Rejection Ratio | 2.7V<V*t<5V dB 
Vo = 1V, Vom = 1V min 
Vom Input Common-Mode Voltage For CMRR = 50dB i ae V 
Range min 
ee Se eee 
max 
(Note 8) 10 min 








Vo Output Swing R, = 100kQ to 2.5V V* -3.5 V* -100 mV 
V* -200 min 

180 mV 

220 max 

lo Output Short Circuit Current Sourcing, Vo = OV 17 2 mA 
min 

Sinking, Vo = 5V 72 20 mA 

Ig Supply Current LPV321 12 yA 
15 max 

LPV358 15 20 UA 

Both amplifiers 24 max 

LPV324 28 42 UA 
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5V AC Electrical Characterlatics 


Unless otherwise specified, all limits guaranteed for T , = 25° C,Vt= BV, v= = ov, cer = 2.0V, Vo = = vi/2 and R,>1MaQ. 
Boldface limits apply at the temperature extremes. 


: | i: | ee | Limit ae 


sa er 
GEWP 
ae =a NR 
Gn [Gain Margin ——SSSCiSSCSCSCSCSCSCSCSCSdYSC 
e 


| Input-Referred Voltage Noise |f=1kHz, = 146 fav 
ie ; Hz 
in Input-Referred Current Noise | f = 1 kHz mf 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. Machine model, 0Q in series with 200 pF:: 
Note 3: Shorting output to V* will adversely affect reliability. 
Note 4: Shorting output to V" will adversely affect reliability. 


Note 5: The maximum power dissipation is a function of Tymax)> 9a, and Ta. The maximum allowable power dissipation at any ambient temperature is 
P p = (Tymax)y—Ta)/®ya. All numbers apply for packages soldered directly into a PC board. 


Note 6: Typical values represent the most likely parametric norm. 

Note 7: All limits are guaranteed by testing or statistical analysis. 

Note 8: R, is connected to V ~. The output voltage is 0.5V < Vo < 4.5V. 

Note 9: Connected as voltage follower with 3V step input. Number specified is the slower of the positive and negative slew rates. 
Note 10: All numbers are typical, and apply for packages soldered directly onto a PC board in still air. 








LPV321 Single/LPV358 Dual/LPV324 Quad 
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National Semiconductor 


TLO82 


Wide Bandwidth Dual JFET Input Operational Amplifier 


General Description 


These devices are low cost, high speed, dual JFET input op- 
erational amplifiers with an internally trimmed input offset 
voltage (BI-FET II™ technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
TLO82 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance of 
existing LM1558 and most LM358 designs. 


These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold cir- 
cuits and many other circuits requiring low input offset volt- 
age, low input bias current, high input impedance, high slew 
rate and wide bandwidth. The devices also exhibit low noise 
and offset voltage drift. 


Typical Connection 





DS008357-1 


Simplified Schematic 





Features 

@ Internally trimmed offset voltage: 15 mV 
@ Low input bias current: 50 pA 
™ Low input noise voltage: 16nV/VHz 
= Low input noise current: 0.01 pA/VHz 
m Wide gain bandwidth: 4 MHz 
@ High slew rate: 13 V/us 
m Low supply current: 3.6 mA 
@ High input impedance: 10'7Q 
= Low total harmonic distortion: <0.02% 
= Low 1/f noise corner: 50 Hz 
m™ Fast settling time to 0.01%: 2 us 


Connection Diagram 
DIP/SO Package (Top View) 
OUTPUTA 


INVERTING INPUT A OUTPUT B 


NON-INVERTING 


INPUTA INVERTING INPUT B 


NON-INVERTING 
INPUT B 





DS008357-3 


Order Number TLO82CM or TLO82CP 
See NS Package Number MO8A or NO8E 


INTERNALLY 


INTERNALLY 
TRIMMED 


-Vee © 
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TL082 


Absolute Maximum Ratings (Note 1) Input Voltage Range (Note 3) _ & 4 +15V 
If Military/Aerospace specified devices are required, Output Short Circuit Duration ; Continuous 
please contact the National Semiconductor Sales Office/ Storage Temperature Range —65°C to +150°C 
Distributors for availability and specifications. Lead Temp. (Soldering, 10 seconds) 260°C 
Supply Voltage +18V ESD rating to be determined. | 

tate dt Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage 
Power Dissi pation ‘ ; (Note 2) to the device may occur. Operating Ratings indicate conditions for which the 
Operating Temperature Range 0°C to +70°C device is functional, but do not guarantee specific performance limits. 
Thnx) 150°C 
Differential Input Voltage +30V 


DC Electrical Characteristics (note 5) 


Symbol Parameter TLO82C Units 


Vos Input Offset Voltage Rs = 10 kQ, Ty, = 25°C 


nA 


5 15 | mv 
AVos/AT Average TC of Input Offset Rg = 10 kQ 10 uVv/C 
{et 
los Input Offset Current T; = 25°C, (Notes 5, 6) 25 200 pA 
aa 


lp Input Bias Current T; = 25°C, (Notes 5, 6) . 
T; < 70°C 
: 


Rin Input Resistance _ T, = 25°C 


Avor Large Signal Voltage Gain: Vg = +15V, Ty = 25°C 25 100 
Vo = +10V, Ry = 2 kQ 
Over Temperature 


Vo Output Voltage Swing Vg = +15V, R, = 10 kQ +12 


Input Common-Mode Voltage Vg = +15V +11 +15 
Range 


CMRR Common-Mode Rejection Ratio Rg < 10 kQ — 70 100 
PSRR Supply Voltage Rejection Ratio _ (Note 7) 70 
E Supply Current ee ee 


V/mV 





V/mV 


dB 
dB 
mA 


< 


o 


< 
Q 
<= 
+ 
ol 
| 
~_ 
Ne) 


o 
ron 


5 
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AC Electrical Characteristics (note 5) 


Amplifier to Amplifier Coupling 





Ta = 25°C, f = 1Hz- 
20 kHz (Input Referred) 





TLO82C Units 


ee 


GBW Gain Bandwidth Product Vs = = HBV. Ta =25'C eee oe ae MHz 


en Equivalent Input Noise Voltage Ta = 25°C, Rg = 1000, 
f = 1000 Hz 





in Equivalent Input Noise Current T = 25°C, f = 1000 Hz ae Se See pA/VHz 


THD | Total Harmonic Distortion Ay = +10, R, = 10k 
Vo = 20 Vp p, 





BW 


Note 2: For operating at elevated temperature, the device must be derated based on a thermal resistance of 115°C/W junction to ambient for the N package. 


3 r) <0.02 % 
= 20 Hz-20 kHz 


Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 


Note 4: The power dissipation limit, however, cannot be exceeded. 
Note 5: These specifications apply for Vg = +15V and 0°C <T, < +70°C 


. Vos; Ip and log are measured at Voy = 0. 


Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pp. Tj = Ta + 8), Pp where 6j, is the thermal resistance from junction to ambient. Use of a heat sink is recom- 


mended if input bias current is to be kept to a minimum. 


Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 


Vg = +6V to +15V. 
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Amplifiers Selection Guide 


High-Speed Amplifiers and Buffers, CLC111 - CLC441 
High-Speed Amplifiers and Buffers, CLC111 - CLC441 
High-Speed Amplifiers and Buffers, CLC446 - CLC7171 
High-Speed Amplifiers and Buffers, CLC446 - CLC7171 
Multiplexer Products 

Variable Gain Amplifier Products 

RF/IF Amplifier Product 
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TABLE 1. HIGH-SPEED AMPLIFIERS & BUFFERS (CLC111 - CLC441) 





<5mA Low Bart Number Single/Dual a 2nd/3rd HD into | Slew Rate loc NTSC Diff G/P IOUT Settling Time 
Power Triple/Quad (Note 1) Ri = 1000 Vis mA/ch %ldeg mA (2V step) ns to % 
CLC114 Closed Loop Buffer -62/-62 at 20MHz} 3500 0.15/0.04 | go 16 to 0.1 
CLC400 | Ss | Optimized for Low Gain -60/-60 at 20MHz 0.03/0.04 12 to 0.05 
CLC409 S Very Wideband, Low | CFB | 350 2  |-49/-59 at 20MHz} 1200 13.5 0.03/0.01 70 8 to 0.1 
Distortion 
CLC410 ast Setting with Disabld CFB | 200 Rais at 20MHz 0.01/0.01 12 to 0.05 
eature 
CLC411 Lee Speed with Disable] CFB fe eel -48/-52 at 20MHz| 2300 0.02/0.03 15 to 0.1 
eature 
CLC412 es Wideband Video | crB | 250 | 2 | -46/-50 at 20MHz 1300 0.02/0.02 12 to 0.05 
- CLC415 3a -44 Wideband | cra | 160] 6 -44/-54 at 20MHz| 1500 0.03/0.03 12 to 0.1 
CLC425 5 Adjustable Supply | VFB | 95 20 =| -53/-75 at 20MHz 350 15 0.14/0.01 22 to 0.2 
urrent, Ultra Low Noise 
Wideband 
CLC426 iS) Adjustable Supply VFB 130 2 -62/-68 at 20MHz 400 11 NA 16 to 0.05 
Current, Low Noise, ; 
Wideband 
CLC440 |S __| High-Speed, Low Power] VFB | 750 -64/-70 at 20MHz 0.15/0.25 | 90 10 to 0.05 


See Legend Information following these Selection Guides. 


SPINY UOI}OBJAS Siolpdwy uley sjqeuep/ssoxajdijni/siayng/ssayidwiy peeds ybipy 
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TABLE 2. HIGH-SPEED AMPLIFIER & BUFFERS (CLC111 - CLC441) 


Spec. Supply 


Range (V) 
(Note 2) 


Cac [s_ [ai sen 
a 
Oc 
Tcicaos [sf iY 
7_[ aos fs | w | = | 
a 
Peco fs | cses ss 
a 
Tecan [seid oes 
[aca [ome Pe 
7 [aoe [efi 
a 
7 [aoe fs [ae | ss | 
eucwes [san 
a 


See Legend Information following these Selection Guides. 


eee éa ata! Part Number 
Power Triple/Quad| Typ/Temp Limit 


Single/Dual 





Noise 
Voitage 
(nV/ fiz 


inn (PA//iz 


NY] ol rmtolr nm] rm] ow = 
o}wl/a]{in] = ty | @| 


NHN] MP_OT MIN = 
alo}jnuiolo w 


ini (PA//Az 


) 





14.2 


8 


15.0 
13.0 


Temp Range 


m 
a) 
[ ay 
os fe >|> 


3 


Eval Board 


A,S 


SPICE Model 


<|<}~<|~<|~«<|<|~«~| «| «| «| «| «| <| «| <| «| </<|z|< 


L-<¢ 


Wood jeUuOITeuUMMM 


<5mA Low 
Power 


a 


t 


VINE NTN 


Part Number 


CLC446 
CLC449 
CLC450 


CLC452 


CLC501 


CLC502 


CLC505 


CLC5602 
CLC5612 
CLC5622 


CLC5623 


CLC5632 
CLC5633 
CLCO5644 
CLC5654 
CLC5665 
LM6171 


LM6172 


LM6181 
LM6182 
LM6321 
LM6361 


LM6364 
LM6365 
LM7121 
LM7131 


LM7171 


TABLE 3. HIGH-SPEED AMPLIFIERS & BUFFERS (CLC446 - CLC7171) 


Single/Dual 


Triple/Quad 





saree 
aa 
ges 
SEC 
Enos 
rae 
aca 
ae 


Wideband, Low Power 
Ultra Wideband 


Low-Power, High Output 
Current 


Low-Power, High Output 
Current 


High-Speed, Output 
Clamping, High Gain 


Fast Settling, Output 
Clamping 


High-Speed, Adjustable 
Supply Current 


Video Amp, 


High Output 


High Output 


Video Amp, High Output, 


High Capacity Load 


Video Amp, High Output, 


High Capacity Load 


High Output PGB 


High Output 
Low-Power, Low Cost 


400 


ore | ao 


CFB | 1100 
CFB } 135 
CFB {| 160 


CFB | 135 
Pa ie 


CFB | 148 


ow 


0 


CFB | 125 


High-Speed, Low Cost - 


Disable Feature | CFB | 


3 


High-Speed, Low-Power, oe 160 
Low Distortion 


High-Speed, Low-Power, 
Low Distortion 


100MHz, 100mA 
100MHz, 100mA 


High- Speed, High Outpu 
High- pee Wide Supply 


ange 


High- Speed, Ay>+5 
High- Speed, Ay>+25 
Low Power, High- Speed, 


Low-Power, High- Speed, 


Single Supply 


High- Speed, High Output 


Current, Ay>+2 


See Legend Information following these Selection Guides. 


SPIN UONVaIaS SusyIdwy ulesd sjqeueA/Sioxsdiyjny/sasyng/siaiijduiy peeds ybipy 


160 
100 


vee | 25 


VFB | 235 


apt 
sa bal 


QO}9O 
1/7 
wy) w 


< 
at 
135] 


> 
< 


VN 
(Note a 





2nd/3rd HD into | Slew Rate 
Ri = 100Q V/s 


-54/-50 at 50MHz| 2000 
_44/-62 at 50MHz 


nial Mil 
el al 
wich Mill 
ae 


-86/-85 at 1MHz | 300 
~74/-86 at 1MHz | 290 


-95/-95 at 1MHz Le 
-78/-94 at 1MHz ie cae 


-72/~70 at 1MHz 3600 
-72/-70 at 1MHz 3000 


—50/-55 at 10MHz 2000 
—50/—55 at 10MHz 2000 


w | oo w|-] = 
Nee mn) Mla! oa 


a 


-74/-94 at 1MHz 
-75/-55 at 5MHz 4100 


Icc 
mA/ch 


6 


— 
on 


NTSC Diff G/P 


%/ldeg 





0.02/0.03 
0.03/0.02 


0.03/0.3 
0.05/0.08 
0.01/0.05 
0.04/0.06 


0.06/0.02 
0.15/0.02 


0.05/0.03 
0.06/0.06 


0.03/0.5 
0.28/0.6 


0.05/0.04 
0.05/0.04. 


0.3/0.65 
0.25/1.0 
0.01/0.02 


mA 


130 
130 
130 


130 
130 


100 


100 
100 


Cc 
= 


Settling Time 
(2V step) ns to % 


9 to 0.1 
11 to 0.01 
15 to 0.05 


20 to 0.5 


12 to 0.05 


25 to 0.0025 


35 to 0.05 


15 to 0.05 
17 to 0.05 
18 to 0.05 


18 to 0.05 


17 to 0.5 
20 to 0.05 
16 to 0.1 
12 to 0.1 
35 to 0.05 
48 to 0.1 


65 to 0.1 


50 to 0.1 
50 to 0.1 
NA 
120 to 0.1 


100 to 0.01 

80 to 0.01 

74 to 0.01 
NA 


42 to 0.1 


WOO" |/BUOHEU MMM 
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TABLE 4. HIGH-SPEED AMPLIFIERS & BUFFERS (CLc446 - CLC7171) 


Noise 
: . Spec. Supply| Voltage inn (pA//az ini (PA//az 
Single/Dual Vos mV 
Triple/Quad Typ/Temp Limit Range (V) (nV/ faz Temp Range Package Eval Board | SPICE Model 
(Note 2) ) ) 


<5mA Low 


Part Number 
Power 





A ax 
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7 [cicsece [0 |__| wes | se [63 | o7_ [+ | ™n [8 | 
[ccs [+ | _ we [ smas [as [6s na [+ | ns | «| 
[cies [0 | ms [ swan | se [03 [a7 [+ [mn | 8 | 
7 [oucscs [+ | msi vswes [ae [os [a Tn 
7 [eos [a | eens ss | es | is] ood ed 
7 [ous [a [as [ss | ss [es | | 1 | ww [© [| 

Teuesees [ss [ mo [wae [a0 | se] [1 [ms [a | _¥ 
7 [wer [ss [ase ise |e [| oT CY 
7 [oinere [0 [ow asente |e [sof 40 [am |[womns[ | ¥ 

Timer [—s [asi sens | « fs | | 1 ‘| sn | _¥ 

OA A 

Tineses [ss | e80p wswsis | mm [om | me or | ww fd 
a A BS 
7 [iwssce [8 | amt__faarsware] e [us [is [oe [nx |---| ¥ 
7 tweses [ss [us —idsareesie] sis | is] ed] mn fd 

iwrer [ss [caw [wares |_| fe ee PY 


See Legend Information following these Selection Guides. 
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TABLE 5. MULTIPLEXER PRODUCTS 
















2nd 
Harmonic 
Distortion 
HD2 (dBc) | HD2 (dBc) 
(Note 4) (Note 4) 


Ca [se fe [wf «© [ «| w | = | [oosmen| iw [ver] 3 
ome [eo eee oso erp 


3rd 
Harmonic 
Distortion 















Crosstalk 


Switching |p ejection (dB) 
Speed (ns) (Note 3) 

















Settling Time 
to 0.01 (ns) 


Supply Current 
Is (mA) 


Digital 


Device Interface 






CLC532 
CLC533 








See Legend Information following these Selection Guides. 


SPINS UOILIEIJVS SJadwy ulesy sjqeuueA/Ssaxa|dyinyy/susyng/siayijduy peeds ybipy 





Wwoo'}euoHeu MMM 


Ol-¢ 


High Speed Amplifiers/Buffers/Multiplexers/Variable Gain Amplifiers Selection Guide 


TABLE 6. VARIABLE GAIN AMPLIFIER PRODUCTS 





















Slew Rate 
- SR (V/us) 





Device Single/Dual/ 


Comments 
Trip/Quad 


CLC520 Gain Linear in 
‘So dB 





CLC522 Linear Gain 


Control (V/V) 


Gain Linear In 
dB 







CLC5523 


See Legend Information following these Selection Guides. 
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TABLE 7. RF/AF AMPLIFIER PRODUCT 


Single/Dual/ Signal Control Gain Adjust; Supply Supply Noise Figure | Output IP3 | Step Size Temp Eval 
Trip/Quad Channel BW; Channel BW | Range (dB) | Voltage Vs ; Current Is (dB) (dBm) (dB) Range Board 
(MHz) (MHz) (V) (mA) 

WE ol a OE a A al 


See Legend information following these Selection Guides. 













Device Comments 





CLC5506 Gain Linear In 
dB 
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Legend Description 


Temperature Range Codes 7 


Commercial (0°C to + 70°C) 
Industrial (-40°C to + 85°C) 


Military (-55°C to +125°C) 
All values are typical at room temperature unless otherwise specified. 


LM 4 digit P/N ne 

cicmagtom 

po M | Plastic soiG, | Plastic SOG 

PN | Pastio DIP Plastic DIP 

PMS |S Pinsor2s | MB SPIN SOT-23 
fe 


M5 
Ceramic SOIC oJ Ceramic DIP (Military) 
- WG 


| WG | Ceramic SOIC 
Evaluation Board Codes 


A CLC730013 CLC730027 _ CLC730028 
J 
K 





Package Codes 












nan 

cL.c730088 

C [1 [ete 7a0029 | ec70083 
Tp | exerao0s fSSS~*dtC«dsw Yc 7a0065 _cu.ca0066 | 
[| _cueraoors _[_cucra00ra 


S = CLC730068 (5-Pin SOT-23) 





Amplifier/Buffer Mode 


Note 1: Closed Loop Gain used to specify most parameters. 


Note 2: Spec. Supply Range is the range of total supply voltage where operation is possible but parameters are not necessarily guaranteed. Refer to datasheets 
for more details. 


Note 3: Crosstalk tested at 10MHz, 2V op: 
Note 4: Harmonic Distortion at 5MHz, 2V op: 
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National Semiconductor 


High Speed Op Amp 
Definition Of Terms 


Mode: 


Voltage Feedback: The traditional Op Amp topology where 
an output signal is generated in response to the voltage dif- 
ference between the two inputs. 


Current Feedback: Op amp which generates an output sig- 
nal in response to the current flowing into the inverting input 
node (transimpedance gain function). This topology offers 
operational advantages in certain areas, compared to the 
traditional voltage feedback. 


Close Loop Buffer: High input impedance and low output 
impedance amplifier with a fixed gain of +1 used for isola- 
tion, or increased output drive, or capacitive load drive, etc. 
usually, no gain setting resistor are required. 


Programmable Gain Buffer: Op Amp with gain setting re- 
sistors integrated on the die with possible gains of +1, +2, or 
-—1 using simple external connections. Ideal for minimizing 
external component count, minimizing signal lead lengths, 
and simplifying designs. 


Gain: 
Open Loop Gain 

Voltage feedback Op Amp: The open loop gain is specified 
at DC and Is defined as the ratio of an output voltage change 
to an input voltage change. Also referred to as differential 
voltage gain (no feedback or input networks added). When 
specified using a sinusoidal waveform, it varies in magnitude 
and phase relative to frequency. 


Current Feedback Op Amp: Ratio of output voltage 
change to Inverting input current change (transimpedance 
gain). When specified using a sinusoidal waveform, it varies 
in magnitude and phase relative to frequency. 


Closed Loop Gain: Defined as the ratio of an output voltage 
change to an input voltage change after feedback and input 
networks are added. Usually, external resistors are used to 
set this parameter. 


Frequency Domain Response: 


-3dB Bandwidth (or small signal bandwidth (ssbw)): The 
frequency at which the closed loop amplifier small signal 
magnitude response is 3dB below its nominal value at low 
frequency. Sometimes specified for various signal ampli- 
tudes. 


Gain Bandwidth Product: Arithmetic Product of a given in- 
put frequency and the op amp open loop gain at that fre- 
quency (usually specified in MHz, voltage feedback amplifi- 
ers only.) For an ideal op amp, this is a constant for all 
frequency after the dominant pole frequency, but other poles 
and zeroes in the forward path could make the number vary 
with frequency. 

Unity Gain Frequency: The frequency at which a voltage 
feedback op amp gain is 1 (OdB). For an ideal op amp, this 
is equal to the Gain Bandwidth product. 
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Gain Flatness: Specified as ’Peaking” and ”’Rolloff’ num- 
bers in dB over a given frequency band, its a measure of an 
op amp’s closed loop frequency response gain flatness. 
Phase margin, Gain margin, and sufficient loop gain are the 
most important parameters affecting these specifications. 


Linear Phase Deviation: Specified over a given frequency 
band, it is a measure of how close an op amp’s closed loop 
phase response follows a linear relationship with respect to 
frequency. 


Differential Gain and Phase: Differential Gain refers to 
change in gain with level and differential Phase refers to 
change in phase with level. Both parameters are used in 
video broadcast applications as a measure of consistency of 
video signal relative to changes in illumination. 


Time Domain Response: 


Rise an Fall Times: The time it takes the output voltage to 
change between 10% and 90% voltage levels when driven 
with a small signal step input. Correlates to frequency do- 
main small signal bandwidth. 


Overshoot: Related to Rise and Fall time measurement. 
Specified in percentage. 

Slew Rate: Maximum rate at which an overdriven op amp 
can change its output. Overdriving an op amp means ex- 
ceeding its input voltage amplitude and/or frequency thresh- 
olds. 


Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has 
settled to within a specified error band of the final output volt- 
age. 


Distortion and Noise Response: 


Harmonic Distortion: Unwanted spurious signals gener- 
ated at the output of an amplifier due to nonlinearity in the 
signal flow path. With sinusoidal input, these spurs will occur 
at integer multiples of the input frequency. 


Intercept point: The fundamental output power where the 
specified distortion term (29,37, or 3" order Intermodula- 
tion) is equal in power to this fundamental value power. 


Input Voltage Noise (e,,) & Input Current Noise (i,,): Input 
referred noise sources used to model the noise behavior of 
an Op Amp. 


Static DC Performance: 


Supply Current (I¢c): The current required from the power 
supply to operate the op amp with no load and its output mid- 
way between the supplies. 


Output Current: the current available at the output of the op 
amp to drive a load. Usually a function of input over-drive, 
output voltage relative to supplies, and temperature. Sourc- 
ing and Sinking characteristics could be different. 
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High Speed Op Amp Definition Of Terms 


Static DC Performance: (continued) 


Input Offset Voltage (Vos): The voltage which must be ap- 
plied between the input terminals to obtain zero output volt- 
age. 
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Specified Supply Range: Specified supply range are the 
power supply voltages required to power the op amp. 





CLC111 


National Semiconductor 


Ultra-High Slew-Rate, Closed-Loop Buffer 


General Description 


The CLC111 is a high-performance, closed-loop, monolithic 
buffer designed for applications requiring very 
high-frequency signals. The CLC111’s high performance in- 
cludes an extremely fast 800MHz small signal bandwidth 
(0.5,,)and an ultra high (3500V/us) slew rate while requiring 
only 10.5mA quiescent current. Signal fidelity is maintained 
with low harmonic distortion (-62dBc 2nd and 3rd harmonics 
at 20MHz). These performance characteristics are for a de- 
manding 100Qload. 


Featuring a patented closed-loop design, the CLC111 offers 
nearly ideal unity-gain (0.996) with a very low (1.4Q) output 
impedance. The CLC111 is ideally suited for buffering video 
signals with its 0.15%/0.04° differential gain and phase per- 
formance at 4.43MHz. Power sensitive applications will ben- 
efit from the CLC111’s excellent performance on reduced or 
single supply voltages. 

Constructed using an advanced, complementary bipolar pro- 
cess and National’s proven high-performance architectures, 
the CLC 111 is available in several versions to meet a variety 
of requirements. 

Enhanced Solutions (Military/Aerospace) 

SMD Number: contact factory 

Space level versions also available. 


For more information, visit http://www.national.com/mil 


Features 
@ Very wideband (800MHz) 
m Ultra-high (8500V/us) slew rate 


Connection Diagram 






m Very low output impedance (1.4Q) 

= Low (-62dBc) 2nd/3rd harmonics @ 20MHz 
m@ 60mA output current (+5 supplies) 

= Single supply operation (0 to 3V supply min.) 
m™ Evaluation boards and Spice models 


Applications 

m Video switch buffers 

= Test point drivers 

m@ High frequency active filters 

m Wideband DC clamping buffer 

m™ High-speed peak detector circuits 


Pulse Response for +5V 


SeGeSe0Gne 
cor---- ae 
COPE 
CIC COC 
ore rye 






Output Voltage (0.2V/div) 


Time (2 ns/div) 
DS012720-1 


18) Vout 
Not Connected 


16 | Not Connected 


WEE 


DS012720-2 


Pinout 
DIP & SOIC 
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CLC111 


Typical Application 


Vec = +3V or +5V 





awa 


DS012720- 4 


1 Vpp Output Pulse 


See "Typical Application” 
section on front page. 





DS012720-16 


Pulse Response 


SS eae 


MI 
CoN 


Magnitude (1 dB/div) 


LL AGH 


Voo = +3V 


PUTIN UN 
I VIS 


1 10 100 1000 





Frequency (MHz) 
DS012720-5 
Small Signal Bandwidth 

Ordering Information 

Package Temperature ree Packaging NSC 

Industrial Marking Drawing 

8-pin plastic DIP —40°C to +85°C CLC111AJP NO8E 
8-pin plastic SOIC —40°C to +85°C CLC111AJE MO8A 
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AY vationat Semiconductor 


CLC114 


Quad, Low-Power Video Buffer 


General Description 


The CLC114 is a high-performance, closed-loop quad buffer 
intended for power sensitive applications. Requiring only 
30mW of quiescent power dissipation per channel (+5V sup- 
plies), the CLC114 offers a small signal bandwidth of 
200MHz (0.5Vpp) and a slew rate of 450V/us. 

Designed specifically for high density crosspoint switch and 
analog multiplexer applications, the CLC 114 offers excellent 
linearity and wide channel isolation (62dB @ 10MHz). Driving 
a typical crosspoint switch load, the CLC114 offers differen- 
tial gain and phase performance of 0.08% and 0.1% gain 
flatness through 30MHz is typically 0.1dB. 

With its patented closed-loop topology , the CLC114 has sig- 
nificant performance advantages over conventional 
open-loop designs. Applications requiring low output imped- 
ance and true unity gain stability through very high frequen- 
cies (active filters, dynamic load buffering, etc.) Will benefit 
from the CLC114’s superior performance. 


Constructed using an advanced, complementary bipolar pro- 
cess and National's proven high-speed architectures, the 
CLC114 is available in several versions to meet a variety of 
requirements. 

Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-92339 

*Space level versions also available. 

*For more information, visit http://www.national/com/mil 


Features 


m Closed-loop, quad buffer 
@ 200MHZz small-signal bandwidth 


Typical Application 





ell 
a5 COSI! 


SONY 
45 ws 


Crosstalk Isolation (dB) 

om 
nan om 

ie ae 
et ant 
a as 
= 

ae) 


m 450V/us slew rate 

m Low power, 30mW per channel (+5V sup.) 
™ 62cB channel isolation (10MHz) 

= Specified for crosspoint switch loads 


Applications 

m Video crosspoint switch driver 
m Video distribution buffer 

m# Video switching buffer 

m Video signaling multiplexing 
m Instrumentation amps 

= Active filters 


Small Signal Pulse Response 


Vo = 0.5V pp 


| tp 
SL age Mee 3 aa 
7 ie ee ee 


Geek cea aA 
Ee ae Eee Sr 
ce oe eee ees 


Time (2ns/div) 


Output Voltage 
(0.1 V/div) 
Ht 





DS012738-10 


Frequency (Hz) 


DS012738-21 
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CLC114 


Connection Diagram 


Ordering Information 


Package 


14-Pin Plastic DIP 
14-Pin Plastic SOIC 
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14 [2] Out! 
*Noe 
Out2 

NC 
Out3 
cao 
Out4 
DS012738-3 

Pinout 
Temperature Range Packaging — 
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NSC 
Drawing 
N14A 


M14A,B 


National Semiconductor 


CLC400 


Fast Settling, Wideband Low-Gain Monolithic Op Amp 


General Description 


The CLC400 is a high-speed, fast-setting operational ampli- 
fier designed for low-gain applications. Constructed using a 
unique, proprietary design and an advanced complementary 
bipolar process, the CLC400 offers performance far beyond 
that normally offered by ordinary monolithic op amps. In ad- 
dition, unlike many other high-speed op amps the CLC400 
offers both high performance and stability without the need 
for compensation circuitry — even at a gain of +1. 


The fast 12ns settling to 0.05% and its ability to drive capaci- 
tive loads makes the CLC400 an ideal flash A/D driver. The 
wide bandwidth of 2OOMHz and the very linear phase ensure 
unsurpassed signal fidelity. Systems employing digital to 
analog converters also benefit from the use of the CLC400 
— especially if linearity and drive levels are important to 
system performance. 


The CLC400 provides a simple, high performance solution 
for video distribution and line driving applications. The 50mA 
output current and guaranteed specifications for 100Q loads 
provide ample drive capability and assured performance. 


The CLC400 is based on Nationai’s proprietary op amp to- 
pology that uses current feedback instead of the usual volt- 
age feedback. This unique design has many advantages 
over conventional designs (such as settling time that is rela- 
tively independent of gain), yet it is used in basically the 
same way (see the gain equations in Figure 1 and Figure 2). 
However, an understanding of the topology will aid in achiev- 
ing the best performance. The following discussion will pro- 
ceed for the non-inverting gain configuration with the invert- 
ing mode analysis being very similar. 


Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-89970 

Space level versions also available. 

For more information, visit http://www.national.com/mil 


Connection Diagram 





Offset Adjust 


Vinv 


Vnon-inv 


Veco 


Pin 
DIP & 


2-19 


Features 

m —3dB bandwidth of 200MHz 

0.05% settling in 12ns 

Low Power, 150mW 

Low distortion, -60dBc at 20OMHz 
Stable without compensation 
Overload and short circuit protected 
+1 to +8 closed-loop gain range 


Applications 

m Flash, precision A/D conversion 
m Video distribution 

Line drivers 

D/A current-to-voltage conversion 
Photodiode, CCD preamps 

IF processors 

High-speed communications 


Pulse Response 












oe 
CACC 
SARQeSLGEE 


2ns/div 


0.4V/div 


DS012743-9 


Not Connected 


Not Connected 


DS012743-19 


out 
SOIC 


www.national.com 


0079719 





CLC400 


Ordering Information 


Package Temperature Range Packaging 
spin plastic DIP 
g-pin plastic SOIC 
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National Semiconductor 





CLC401 
Fast Settling, Wideband High-Gain Monolithic Op Amp 


General Descri ption Space level versions also available. 


The CLC401 is a wideband, fast-settling op amp designed For more information, visit http://www.national.com/mil 


for applications requiring gains greater than +7. Constructed 

using an advanced complementary bipolar process and a Features 

proprietary design, the CLC401 features dynamic perfor- m —3dB bandwidth of 150MHz 

mance far beyond that of typical high-speed monolithic op sg 0.1%settling in 10ns 

amps. For example, at a gain of +20, the -3dB bandwidthis = | ow Power, 150mW 

150MHz and the rise/fall time is only 2.5ns. = Overload and short circuit protected 


The wide bandwidth and linear phase (0.2° deviation from —_w Stable without compensation 
linear at 50MHZz) and a very flat gain response makes the 
CLC401 ideal for many digital communication system appli- 
cations. For example, demodulators need both DC coupling = “ 
and high-frequency amplification-requirements that are ordi- Applications 

narily difficult to meet. m Flash, precision A/D conversion 


The very fast 10ns settling to 0.1% and the ability to drive ca- | ™ Photodiode, CCD preamps 
pacitive loads lend themselves well to flash A/D applications. | ™ IF processors 

Systems employing D/A converters also benefit from the set- ™ High-speed modems, radios 
tling time and also by the fact that current-to-voltage transim- = Line drivers 

pedance amplification is easily accomplished. = DC-coupled log amplifiers 


The CLC401 provides a quick, effective design solution. Its | m High-speed communications 

stable operation over the entire +7 to +50 gain range pre- 

cludes the need for external compensation. And, unlike 

many other high speed-op amps, the CLC401’s power dissi- Pulse Response 
pation of 150mW is compatible with designs which must limit 
total power dissipation or power supply requirements. 


The CLC401 is based on National’s proprietary op amp to- 
pology that uses current feedback instead of the usual volt- 
age feedback. This unique design has many advantages 
over conventional designs (such as settling time that is rela- 
tively independent of gain), yet it is used in basically the 
same way (see the gain equations in Figure 1 and Figure 2). 
However, an understanding of the topology will aid in achiev- 
ing the best performance. The discussion below will proceed 
for the non-inverting gain configuration with the inverting 
mode analysis being very similar. 


Enhanced Solutions (Military/Aerospace) 
SMD Number: 5962-89973 


m Recommended gain range,+7 to +50 





5ns/div 


DS012744-18 


Connection Diagram 





Not Connected Not Connected 


Vinv Vo 
Vnon-inv Vout 
V 


Not Connected 


DS012744-17 


Pinout 
DIP & SOIC 
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Connection Diagram (continued) 


CLC401 






||| Ay = 10 


pear ee Ute a= 
PU Meese Hd 
SPAN 









COS 
ITNT 
SUIT: SN 
FTN ZN 





Phase (°) 


a 
NS 





Magnitude (1 dB/div) 


Frequency (MHz) 


DS012744-1 


Non-Inverting 
Frequency Response 


Ordering Information 


Package Temperature Range Packaging NSC 
industrial Marking Drawing 


8-pin plastic DIP -40°C to +85°C CLC401AJP NO8E 
8-pin plastic SOIC -—40°C to +85°C CLC401AJE MO8A 
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AY vationat Semiconductor 


CLC404 
Wideband, High-Slew Rate, 


General Description 


The CLC404 is a high-speed, monolithic op amp that com- 
bines low power consumption (110mW typical, 120mW 
maximum) with superior large signal performance. Operating 
off of +5V supplies, the CLC404 demonstrates a large-signal 
bandwidth (5Vpp output) of 166MHz. The bandwidth perfor- 
mance, along with other speed characteristics such as rise 
and fall time (2.1ns for a 5V step), is nearly identical to the 
small signal performance since slew rate is not limiting factor 
in the CLC404 design. 


With its 175MHz bandwidth and 10ns settling (0.2%), the 
CLC404 is ideal for driving ultra-fast flash A/D converters. 
The 0.5° deviation from linear phase, coupled with -53dBc 
2nd harmonic distortion and -60dBc 3rd harmonic distortion 
(both at 20MHZz), is well suited for many digital and analog 
communication applications. These same characteristics, 
along with 70mA output current, differential gain of 0.07%, 
and differential phase at 0.03’, make the CLC404 an appro- 
priate high-performance solution for video distribution and 
line driving applications. 

Constructed using an advanced, complementary bipolar pro- 
cess and proven current feedback topologies, the CLC404 
provides performance far beyond that of other monolithic op 
amps. The CLC404 is available in several versions to meet a 
variety of requirements. 


Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-90994 

Space level versions also available. 

For more information, visit http://Awww.national.com/mil 


Connection Diagrams 






Not Connected a 


DI 


Monolithic Op Amp 


Features 

165MHz large signal bandwidth (5V,,,) 
2600V/us slew rate 

Low Power: 110mW 

Low distortion: -53dBc at 2OMHz 
10ns settling to 0.2% 

0.07% diff. gain, 0.03% diff. phase 


Applications 

Fast A/D conversion 

Line drivers 

Video distribution 
High-speed communications 
Radar, IF processors 


Large Signal Pulse Response 


SESGGen000 
SHEER 
"Coan va 
CNET 
CONC 
SO 


ie Se Cl a rn wl A 


ans/div 









1V/div 








DS012746-7 


rl Not Connected 


out 


5 Not Connected 


DS012746-19 


Pinout 
P & SOIC 


2-23 www.national.com 


vovold 





CLC404 


Connection Diagrams (Continued) 


Vnon-Inv 





DS012746-18 


Pinout 
SOT 23-5 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Marking Drawing 
8-pin plastic DIP -40°C to +85°C CLC404AJP NO8E 


8-pin plastic SOIC -—40°C to +85°C - CLC404AJE MO8A 
5-pin SOT —40°C to +85°C CLC404AJM5 MA05A 
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AY vational Semiconductor 


CLC405 


Low-Cost, Low-Power, 110MHz Op Amp with Disable 


General Description 


The CLC405 is a low-cost, wideband (110MHz) op amp fea- 
turing a TTL-compatible disable which quickly switches off in 
18ns and back on in 40ns. While disabled, the CLC405 has 
a very high input/output impedance and its total power con- 
sumption drops to a mere 8mW. When enabled, the CLC405 
consumes only 35mW and can source or sink an output cur- 
rent of 6(OMA. These features make the CLC405 a versatile, 
high-speed solution for demanding applications that are sen- 
sitive to both power and cost. 

Utilizing National’s proven architectures, this current feed- 
back amplifier surpasses the performance of alternative so- 
lutions and sets new standards for low power at a low price. 
This power conserving op amp achieves low distortion with 
-72dBc and —70dBc for second and third harmonics respec- 
tively. Many high source impedance applications will benefit 
from the CLC405’s 6MQ input impedance And finally, de- 
signers will have a bipolar part with an exceptionally low 
100nA non-inverting bias current. 

With 0.1dB flatness to 50MHz and low differential gain and 
phase errors, the CLC405 is an ideal part for professional 
video processing and distribution. However, the 110MHz 
~3dB bandwidth (A,=+2) coupled with a 350V/us slew rate 
also make the CLC405 a perfect choice in cost-sensitive ap- 
plications such as video monitors, fax machines, copiers, 
and CATV systems. 


Features 

m Low-cost 

@ Very low input bias current:100nA 
m@ High input impedance: 6MQ 

@ 110MHz -3dB bandwidth (A,=+2) 
m Low power: |,,=3.5mA 


Connection Diagram 





Ultra-fast enable/disable times 
High output current: 60mA 


Applications 
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Desktop video systems 

Multiplexers 

Video distribution 

Flash A/D driver 

High-speed switch/driver 
High-source impedance applications 
Peak detector circuits 

Professional video processing 

High resolution monitors 


Frequency Response (A,=+2V/V) 


LIN 

I LLIN 
a 
Quiescent Power TTT A] 
Dissipation = 35 mW TTY 


1 10 100 










Magnitude (1 dB/div) 






Frequency (MHz) 
D$012703-1 


DS012703-33 


Pinout 
DIP & SOIC 
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Typical Application 


CLC405 


Digital Inputs 


2:4 Decoder 





*NOTE: Selectable gains can be changed by using different Ry resistors. 
DS012703-3 


Wideband Digitally Controlled Programmable Gain Amplifier 


Pelee aae ewes) 
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| 
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Time 200 ns/div 
DS012703-2 


Channel Switching 


500 (mV/div) 





Ordering Information 


Temperature Range | Packaging NSC 
cats Drawing 
8-pin plastic DIP -40°C to +85°C CLC405AUP NO8E_ 
8-pin plastic SOIC -40°C to +85°C CLC405AJE MO08A 
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National Semiconductor 


907919 





CLC406 
Wideband, Low-Power Monolithic Op Amp 


General Description Features 





The CLC406 is a wideband monolithic operational amplifier =| 160MHz small signal bandwidth 
designed for low-gain applications where power and cost are ™& 50mW power (+5V supplies) 

of primary concern. Operating from +5V supplies, the  0.02%/0.02° differential gain/phase 
CLC406 consumes only 50mW of power yet maintains a _ 12ns settling to 0.05% 

ahs small signal bandwidth and a 1500V/us slew rate. 1500V/us slew rate 

Benefiting from National’s current feedback architecture, the ; 

CLC406 offers a gain range of +1 to +10 while providing meee reise ane en ie eV ee) 
stable, oscillation free operation without external compensa- ™ 70MA output current 

tion, even at unity gain. . : 

With its exceptional differential gain and phase typically Applications 

0.02% and 0.02° at 3.58MHz, the CLC406 is designed to # Video distribution amp 

meet the performance and cost requirements of high volume # HDTV amplifier 

composite video applications. The CLC406’s large signal m Flash A/D driver 

bandwidth, high slew rate and high drive capability are fea- —_™ D/A transimpedance buffer 
tures well suited for RGB video applications. ™ Pulse amplifier 

Providing a 12ns settling time to 0.05% (1/2 LSB in 10-bit m Photodiode amp 

systems) and -68/—75dBc 2nd/3rd harmonic distortion LAN amplifier 


(2Vpp at 10MHz, Ry = 1kQ), the CLC406 is an excellent 
choice as a buffer or driver for high speed A/D and D/A con- 
verter systems. Small Signal Pulse Response 


Commercial remote sensing applications and battery pow- 
ered radio transceivers requiring a high performance, low 
power amplifier will find the CLC406 to be an attractive, 
cost-effective solution. 


Constructed using an advanced, complementary bipolar pro- 
cess and National’s proven current feedback architectures, 
the CLC406 is available in several versions to meet a variety 
of requirements. 


Output Voltage 





5ns/div 
DS012747-17 


Connection Diagrams 





; V 
Pinout 0 
DIP & SOIC 
Not Connected Li! Fal Not Connected VEE 
Vinv G1 IZ Voc 
Vnon-inv [a 6 | Veit 
Voc '5.J Not Connected Vnon-Inv 
DS012747-16 DS012747-15 
Pinout 
SOT23-5 
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CLC406 


Ordering Information 


Package 


8-pin plastic DIP 
8-pin plastic SOIC 
5-pin SOT 


www.national.com 


Temperature Range Packaging 
Industrial Marking 
-40°C to +85°C CLC406AJP 


~40°C to +85°C CLC406AJE 
-—40°C to +85°C : | CLC406AJM5 — 
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NSC 
Drawing 
NO8E 
MO8A 
MAO5A 


National Semiconductor 


607919 


CLC409 
Very Wideband, Low Distortion Monolithic Op Amp 


General Description Features 





The CLC409 is a very wideband, DC coupled monolithic op- = 350MHz small signal bandwidth 
erational amplifier designed specifically for wide dynamic  ™ -65/72dBc 2nd/S3rd harmonics (20MHz) 
range systems requiring exceptional signal fidelity. Benefit- m= Low noise 

ing from National's current feedback architecture, the wm gns settling to 0.1% 

CLC409 offers a gain range of +1 to +10 while providing 1200V/us slew rate 

nae eee aes oe without external compensa = 13.5mA supply current (+5V) 
With its 350MHz small signal bandwidth (Voyr = 2Vpp), mee eucneeanras 

10-bit distortion levels through 2OMHz (R, = 100) 8-bit dis- Applications 

tortion levels through 60MHZz, 2.2nviNHz input referred Flash A/D driver 

noise and 13.5mA supply current, the CLC409 is the ideal i DiAt ANSI GBGAn Ee BURGE 
driver or buffer for high speed flash A/D and D/A converters. = Wide d ee nde IE din 
Wide dynamic range systems such as radar and communi- : ae Pie Onn at Galion 
cation receivers requiring a wideband amplifier offering ex- 

ceptional signal purity will find the CLC409’s low input re- | DDS post-amps 

ferred noise and low harmonic and intermodulation distortion  ™ Wideband inverting summer 
make it an attractive high speed solution. @ Line driver 


Constructed using an advanced, complimentary bipolar pro- 
cess and National’s proven current feedback architecture, Harmonic Distortion vs. Load and Frequency 
the CLC409 is available in several versions to meet a variety 
of requirements. 


Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-92034 

Space level versions also available. 

For more information, visit http://www.national.com/mil 


Distortion Level (dBc) 





Frequency (MHz) 
DS012748-4 


Connection Diagrams 


Not Connected Not Connected 


+ 
Voc 


Vout 


Not Connected 





DS012748-15 


Pinout 
DIP & SOIC 
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CLC409 


Connection Diagrams (continued) 


Vinon-Inv 





DS012748-14 


Pinout 
SOT23-5 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial. Marking Drawing 


8-pin plastic DIP -—40°C to +85°C CLC409AJP NO8E 
8-pin plastic SOIC -—40°C to +85°C CLC409AJE MO8A — 
5-pin SOT -—40°C to +85°C . CLC409AJM5 MA05A 
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National Semiconductor 


CLC410 


Fast Settling, Video Op Amp with Disable 


General Description 


The current-feedback CLC410 is a fast-settling, wideband, 
monolithic op amp with fast disable/enable feature. De- 
signed for low-gain applications (Ay = +1 to +8), the 
CLC410 consumes only 160mW of power (180mW max) yet 
provides a -3dB bandwidth of 200MHz (Ay = +2) and 0.05% 
settling in 12ns (15ns max). Plus, the disable feature pro- 
vides fast turn-on (100ns) and turn-off (200ns). In addition, 
the CLC410 offers both high performance and stability with- 
out compensation - even at a gain of +1. 


The CLC410 provides a simple, high-performance solution 
for video switching and distribution applications, especially 
where analog buses benefit from use of the disable function 
to “multiplex” signals onto the bus. Differential gain/phase of 
0.01%/0.01° provide high fidelity and the 60mMA output cur- 
rent offers ample drive capability. 


The CLC410’s fast settling, low distortion, and high drive ca- 
pabilities make it an ideal ADC driver. The low 160mW quies- 
cent power consumption and very low 40mW disabled power 
consumption suggest use where power is critical and/or 
“system off’? power consumption must be minimized. 

The CLC410 is available in several versions to meet a vari- 
ety of requirements. A three-letter suffix determines the ver- 
sion. 

Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-90600 

Space level versions also available. 


For more information, visit http:/www.national.com/mil 


Connection Diagram 


Vion-inv 


Voc 


Features 


-3dB bandwidth of 200MHz 

0.05% settling in 12ns 

Low Power, 160mW (40mW disabled) 
Low distortion, -60dBc at 20MHz 
Fast disable (200ns) 

Differential gain/phase: 0.01%/0.01° 
+1 to +8 closed-loop gain range 


Applications 





Video switching and distribution 
Analog bus driving (with disable) 
Low power “standby” using Disable 
Fast, precision A/D conversion 

D/A current-to-voltage conversion 
IF processors 

High-speed communications 


Enable/Disable Response 


ee on, DIS input, Pin 8 (5V/div) 





DS012749-10 


5 | Not Connected 


DS012749-21 


Pinout 
DIP & SOIC 
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Connection Diagram (continued) 


CLC410 


REO! PRT IEA 
PTs seeeT ig 2 
COS 
CSS TTT 
OI ENT TT 


Phase (°) 


BE a... AE 
ay, Ul 
PTI CTA IN 

ayo to | J a=s\ AWN 


Hit icoo m= 2000 (MINT 


Magnitude (1 dB/div) 





Frequency (MHz) . 
DS012749-1 


Non-Inverting Frequency Response 


Ordering Information 


Package __° Temperature Range Packag NSC 
industrial Marking Drawing 


8-pin plastic DIP —40°C to +85°C CLC410AJP NO8A 
8-pin plastic SOIC —40°C to +85°C CLC410AJE MO08A 
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National Semiconductor 


CLC411 
High-Speed Video Op Amp with Disable 


General Description 


The CLC411 combines a state-of-the-art complementary bi- 

polar process with National’s patented current-feedback ar- 

chitecture to provide a very high-speed op amp operating 

from +15V supplies. Drawing only 11mA quiescent current, : : 

the CLC411 provides a 200 MHz small signal bandwidth and Applications 

a 2300V/us slew rate while delivering a continuous 70mA HDTV amplifier 

current output with +4.5V output swing. The CLC411’s Video line driver 

high-speed performance includes a 15ns settling time to oe 

0.1% (2V step) and a 2.3ns rise and fall time (6V step). er oe th analog vee 
Video signal multiplexer 


The CLC411 is designed to meet the requirements of profes- DAC output buffer 

sional broadcast video systems including composite video 

and high definition television. The CLC411 exceeds the 

HDTV standard for gain flatness to 30MHz with it’s +0.05dB Gain Flatness (Ay=+2) 
flat frequency response and exceeds composite video stan- 


dards with its very low differential gain and phase errors of 

0.02%, 0.03°. The CLC411 is the op amp of choice for all 

video systems requiring upward compatibility from NTSC 

and PAL to HDTV. 

The CLC411 features a very fast disable/enable (10ns/55ns) Ly yy Tl 7 





m™ 10ns disable to high-impedance output 
# 70mA continuous output current 

m +4.5V output swing into 100Q load 

m +4.0V input voltage range 


allowing the multiplexing of high-speed signals onto an ana- 
log bus through the common output connections of multiple 
CLC411’s. Using the same _ signal source to drive 
disable/enable pins is easy since “break-before-make” is 
guaranteed. 

Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-94566 

Space level versions also available. 

For more information, visit http://www.national.com/mil 


Magnitude (0.5dB/div) 





Features 
m 200MHZz small signal bandwidth (1Vpp) 0 Frequency (5MHz/div) 90 
m +0.05cB gain flatness to 30MHz 

m 0.02%, 0.03° differential gain, phase 

@ 2300V/us slew rate 


DS012717-1 


Connection Diagram 





DS012717-3 


Pinout 
DIP & SOIC 
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Typical Application 


CLC411 





Select R; to yield 
Ry = Rell 


DS012717-2 
| | Recommended Inverting Gain Configuration 
Ordering Information | 
Package . Temperature Range Packaging NSC | 
Industrial Marking Drawing 
8-pin plastic DIP -—40°C to +85°C . CLC411AJP | NO8E 
8-pin plastic SOIC | ~40°C to +85°C | CLC411AJE MO8A — 
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AY National Semiconductor 


CLC412 


CLVOTO 


Dual Wideband Video Op Amp 


General Description 


The CLC412 combines a high-speed complementary bipolar 
process with National's current-feedback topology to pro- 
duce a very high-speed dual op amp. The CLC412 provides 
a 250 MHz small-signal bandwidth at a gain of +2V/V anda 
1300V/us slew rate while consuming only 50mW per ampli- 
fier from +5V supplies. 


The CLC412 offers exceptional video performance with its 
0.02% and 0.02’ differential gain and phase errors for NTSC 
and PALvideo signals while driving one back terminated 75Q 
load. The CLC412 also offers a flat gain response of 0.1dB 
to 30MHz and very low channel-to-channel crosstalk of 
—76d0B at 10MHz. Additionally, each amplifier can deliver a 
70mA continuous output current. This level of performance 
makes the CLC412 an ideal dual op amp for high-density 
broadcast-quality video systems 


The CLC412’s two very well-matched amplifiers support a 
number of applications such as differential line drivers and 
receivers. In addition, the CLC412 is well suited for Sallen 
Ken active filters in applications such as anti-aliasing filters 
for high-speed A/D converters. Its small 8-pin SOIC pack- 
age, low power requirement, low noise and distortion allow 
the CLC412 to serve portable RF applications such as 
lQ-channels. 

Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-94719 

Space level versions also available. 


For more information, visit http://www.national.com/mil 
Features 


m Wide bandwidth: 330MHz (Ay = +1V/V); 250MHz (Ay = 
+2V/V) 


m 0.1dB gain flatness to 30MHz 


Connection Diagram 


VNON-INV | 
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Low power: 5mA/channel 

Very low diff. gain, phase: 0.02%, 0.02” 
-76dB channel-to-channel crosstalk (10MHz) 
Fast slew rate: 1300V/us 

Unity-gain stable 


Applications 

HDTV, NTSC & PAL video systems 

Video switching and distribution 

1Q amplifiers 

Wideband active filters 

Cable drivers 

DC coupled single-to-differential conversions 


Channel-to-Channel Crosstalk 
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Frequency (MHz) 
$012721-1 


DS012721-4 


Pinout 
DIP & SOIC 
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Typical Application 


CLC412 


K 


fe) 


Vout Ry RoC, Co 





V : 
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DS012721-3 





DS012721-2 


Sallen-Key Low-Pass Filter 


Ordering Information 


Package Temperature Range Packaging NSC 
B-pin plastic DIP_ NOSE 
é-pin plastic SOIC MOBA 
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VLVOT19O 


National Semiconductor 


CLC414 
Quad, Low-Power Monolithic Op Amp 20 


General Description For more information, visit http://www.national.com/mil 


The CLC414 is a low-power, quad, monolithic operational 

amplifier designed for intermediate-gain applications where Features 

power and cost per channel are of primary concern. Benefit- 9OMHz small signal bandwidth 

ing from National’s current feedback architecture, the 2mA quiescent current per amplifier 
CLC414 offers a gain range of +1 to +10 while providing 70dB channel isolation 5MHz 
stable, oscillation-free operation without external compensa- 0.1%/0.12° differential gain/phase 
tion, even at unity gain. 16ns settling to 0.1% 

Operating from +5 supplies, the CLC414 consumes only 100V/ys slew rate 

25mW of a a het Pie Mise a ve 3.3ns rise and fall time (2Vpp) 
small-signal bandwidth and a OV/us slew rate. The 

CLC414 also provides wide channel isolation with its 70dB COME OUI EE CUrenE 
crosstalk (input referred at 5MHz). Applications requiring a . . 
high-density solution to high-speed amplification such as oe Applications 

tive filters and instrumentation diff amps will benefit from the Composite video distribution amps 
CLC414’s four integrated, wideband op amps in one 14-pin HDTV amplifiers 

package. RGB-video amplifiers 

Commercial remote-sensing applications and battery pow- CCD signal processing 

ered radio transceivers requiring high performance, Active filters 

low-power will find the CLC414 to be an_ attractive, Instrumentation diff. amps 

cost-effective solution. In composite video switching and dis- . 
trioution applications, the CLC414 offers differential gain and echnical purpose: igh density teauivernients 
phase performance of 0.1%, 0.12° at 3.58MHz. 


The lower power CLC414 and the wideband CLC415 are Small Signal Pulse Response 
uad versions of the CLC406. Both of these quads afford the 
‘ cage em 


designer lower power consumption and lower cost per chan- apes 

nel with the additional benefit of requiring less board space rece a 
ay acailan 
PET TT TM | 


per amplifier. 
(Sena) See 


Construction using an advanced, complementary bipolar 
rocess and National’s proven current feedback architec- l 

P P Ais TE 
ano 


ture, the CLC414 is available in several versions to meet a 


variety of requirements. =} FRE 


Enhanced Solutions (Military/Aerospace) Time (5ns/div) 
SMD Number: 5962-91693 DS012750-16 
Space level versions also available. 














Output Voltage aie 






Connection Diagram 
All-Hostile Crosstalk Isolation 








Crosstalk Isolation (dB) 














10° 1 " 1 I 10° 


Frequency (Hz) 
DS012750-7 





0S012750-15 


Pinout 
DIP & SOIC 
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CLC414 


Ordering Information 


Package 


14-pin plastic DIP 
14-pin plastic SOIC 


www.national.com 


Temperature Range Packaging 
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Drawing 
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National Semiconductor 


CLC415 


Quad, Wideband Monolithic Op Amp 


General Description 


The CLC415 is a wideband, quad, monolithic operational 
amplifier designed for intermediate-gain applications where 
power and cost per channel are primary concern. Benefiting 
from National’s current feedback architecture, the CLC415 
offers a gain range of +1 to +10 while providing stable, 
oscillation-free operation without external compensation, 
even at unity gain. 


Operating from +5V supplies, the CLC415 consumes only 
50mW of power per channel, yet maintains a 160MHz 
small-signal bandwidth and a 1500V/us slew rate. High den- 
sity applications requiring an integrated solution will enjoy 
the CLC415’s 70dB channel isolation (input referred 5MHz). 
With its exceptional differential gain and phase, typically 
0.03% and 0.03° @ 3.58MHz, the CLC415 is designed to 
meet the performance and cost per channel requirements of 
high volume composite video applications. The CLC415’s 
large-signal bandwidth, high slew rate and high drive capa- 
bility are features well suited for RGB-video applications. 
The CLC415 is a quad version of the high speed CLC406 
while the CLC414 is a lower power quad version of the 
same. Both of these quads afford the designer lower power 
consumption and lower cost per channel with the additional 
benefit of requiring less board space per amplifier. 
Constructed using an advanced, complementary bipolar pro- 
cess and National’s proven current feedback architectures. 
The CLC415 is available in several versions to meet a vari- 
ety of requirements. 

Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-93055 

Space level versions also available. 


For more information, visit http:/Avwww.national.com/mil 
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Features 


160MHz small signal bandwidth 

5mA quiescent current per amplifier 
70dB channel isolation @ 5MHz 

0.03% and 0.03° differential gain/phase 
12ns settling to 0.1% 

1500V/us slew rate 

2.0ns rise and fall time (2Vpp) 

60mA output current per amplifier 


Applications 


Composite video distribution amps 
HDTV amplifiers 

RGB-video amplifiers 

CCD signal processing 

Active Filters 

Instrumentation differential amps 
Channelized EW 


Small Signal Pulse Response 
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5ns/div 
DS012751-4 


Connection Diagram 





DS012751-18 


Pinout 
DIP & SOIC 
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CLC415 


Ordering Information 


Industrial Marking 
ta:pin plastic DIP 
t4-pin plastic SOIC 
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AY vationat Semiconductor 


CLC420 


High-Speed, Voltage Feedback Op Amp 


General Description 


The CLC420 is an operational amplifier designed for applica- 
tions requiring matched inputs, integration or transimped- 
| ance amplification. Utilizing voltage feedback architecture, 
the CLC420 offers a 300MHz bandwidth, a 1100V/us slew 
rate and a 4mA supply current (power consumption of 
40mW,=+5V supplies). 

Applications such as differential amplifiers will benefit from 
70dB common mode rejection ratio and an input_offset cur- 
rent of 0.2uA. With its unity-gain stability, 2pAN Hz current 
noise and 3yA of input bias current, the CLC420 is designed 
to meet the needs of filter applications and log amplifiers. 
The low input offset current and current noise, combined 
with a settling time of 18ns to 0.01% make the CLC420 ideal 
for D/A converters, pin diode receivers and photo multipliers 
amplifiers. All applications will find 70dB power supply rejec- 
tion ratio attractive. 


Features 

@ 300MHZz small signal bandwidth 
@ 1100V/us slew rate 

m Unity-gain stability 

= Low distortion, -60dBc at 2OMHz 
# 0.01% settling in 18ns 

@ 0.2uA input offset current 

a opaVvHz current noise 


Connection Diagram 





Not Connected LJ re Not Connected 


DS012752-18 


Pinout 
DIP & SOIC 
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Applications 


Active filters/integrators 
Differential amplifiers 

Pin diode receivers 

Log amplifiers 

D/A converters 

Photo multiplier amplifiers 


Non-Inverting Frequency Response 
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Normalized Magnitude (1 dB/div) 
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Frequency (Hz) 
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2nd and 3rd Harmonic Distortion 
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CLC420 


Ordering Information 


Package Temperature Range Packaging 
Industrial Marking 
8-pin plastic DIP —40°C to +85°C CLC420AJP 


8-pin plastic SOIC —40°C to +85°C CLC420AJE 
CLC420AJE-TR13 
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SévO10 


National Semiconductor 


CLC425 
Ultra Low Noise Wideband Op Amp 


100uV input offset voltage, 2uV/°C drift 
350V/us slew rate 

15mA to 5mA adjustable supply current 
Gain range +10 to +1,000V/V 

Evaluation boards & simulation macromodel 
0.9dB NF @ R, = 700Q 





General Description 


The CLC425 combines a wide_bandwidth (1.9GBW) with a 
very low input noise (1.05nVNHz , 1.6pA//Hz ) and low de 
errors (100UV Vog,2yuV/'C drift) to provide a very precise, 
wide dynamic-range op amp offering closed-loop gains of 
>10. 

Singularly suited for very wideband high-gain operation, the : . 
CLC425 employs a traditional voltage-feedback topology Applications 

providing all the benefits of balanced inputs, such as low off- Instrumentation sense amplifiers 
sets and drifts, as well as a 96dB open-loop gain, a 100dB Ultrasound pre-amps 


CMRR and a 95dB PSRR. Magnetic tape & disk pre-amps 

The CLC425 also offers great flexibility with its externally ad- Photo-diode transimpedance amplifiers 
justable supply current, allowing designers to easily choose Wide band active filters 

the optimum set of power, bandwidth, noise and distortion Low noise figure RF amplifiers 
performance. Operating from +5V power supplies, the ; 

CLC425 defaults to a 15mA quiescent current, or by adding Professional audio systems 

one external resistor, the supply current can be adjusted to Low-noise loop filters for PLLs 
less than 5mA. 


The CLC425’s combination of ultra-low noise, wide Equivalent Input Voltage Noise 
gain-bandwidth, high slew rate and low dc errors will enable 
applications in areas such as medical diagnostic ultrasound, 
magnetic tape & disk storage, communications and 
opto-electronics to achieve maximum high-frequency 
signal-to-noise ratios. 

Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-93259 

Space level versions also available. 

For more information, visit http:/Awww.national.com/mil 


Voltage Noise (nV/y Hz) 





100 1k 10k 100k 1M 10M 100M 


Features 


Frequency (Hz) 
™ 1.9GHz gain-bandwidth product DS012708-53 


m 1.05nV/V HZ input voltage noise 
m 0.8pAWHZ @ Iog < 5MA 


Connection Diagrams 





Not Connected LJ 121 R_ (optional) 
Vo Vinv Z] Voc 
V 

non-inv [3] | Vout 

Voc 4 5.) Not Connected 
VEE 
DS012708-52 
Pinout 
Vnon-Inv DIP & SOIC 





DS012708-51 


Pinout 
SOT23-5 
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CLC425 


Ordering Information 


Package 
8-pin plastic DIP 


8-pin plastic SOIC 
5-pin SOT 


www.national.com 


Temperature Range Packaging 
Industrial Marking 
-40°C to +85°C CLC425AJP 


—40°C to +85°C CLC425AJE 
-40°C to +85°C “CLC425AJM5 sds 
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National Semiconductor 


927919 


CLC426 
Wideband, Low-Noise, Voltage Feedback Op Amp 


Ulira-low input voltage noise: 4.6nVNHz 
Very low harmonic distortion: -62/-68dBc 
Fast slew rate: 400V/us 

Adjustable supply current 

Dual +2.5 to +5V or single 5 to 12V supplies 
Externally compensatable 





General Description 


The National CLC426 combines = an_ enhanced 
voltage-feedback architecture with an advanced complimen- 
tary bipolar process to provide a high-speed op amp with 
very low noise (1.6nVWHz & 2.0pAN/Hz) and distortion 
(—62dBc/—68dBc 2nd/3rd harmonics at 1V,,, and 10MHz). 


Providing a wide 230MHz gain-bandwidth product, a fast 2 : 
400V/s slew rate and very quick 16ns settling tme to Applications 


0.05%, the CLC426 is the ideal choice for high speed appli-  m Active filters & integrators 
cations requiring a very wide dynamic range such as an in- —sg_Uitrasound 

put buffer for high-resolution analog-to-digital converters. = Low-power portable video 
The CLC426 is internally compensated for gains > 2V/V ands gw ~ADC/DAC buffer 

can easily be externally compensated for unity-gain stability . Wide dynamic range amp 
in applications such as wideband low-noise integrators. The @ Differential Brace 

CLC426 is also equipped with external supply current adjust- P 

ment which allows the user to optimize power, bandwidth, ™ Pulse/RF amp 

noise and distortion performance for each application. 

The CLC426’s combination of speed, low noise and distor- Input Voltage Noise Density 
tion and low dc errors will allow high-speed signal condition- 10 


ing applications to achieve the highest signal-to-noise perfor- 
mance. To reduce design times and assist board layout, the 
CLC426 is supported by an evaluation board and SPICE 
simulation model available from National. 


For even higher gain-bandwidth voltage-feedback op amps 
see the 1.9GHz CLC425 (A, 210V/V) or the 5.0GHz CLC422 
(A, = 30V/V). 

Enhanced Solutions (Military/Aerospace 

SMD Number: 5962-94597 

*Space level versions also available. 

*For more information, visit http:/Awww.national.com/mil 1 


Voltage Noise (nV/V Hz) 





100 1k 10k 100k 1M 10M 100M 


Features Frequency (Hz) 
mw Wide gain-bandwidth product: 230MHz 


DS012709-1 


Connection Diagram 


Frequency Response 





Ro (optional) 
Vee = 
Vout ao 
<2) 
Ext. Comp. has 
(optional) ® 
TT 
DS012709-4 = 
. Cc 
Pinout 8 
DIP & SOIC 





Frequency (2 MHz/div) 


DS012709-3 
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CLC426 


Typical Application 





DS012709-2 


Wide Dynamic Range Sallen-Key Band Pass Filter 2nd-Order (20MHz, Q=10, G=2) 


Ordering Information | 


Package Temperature Range Packaging | NSC | 
g-Pin Plastic DIP NOBE 
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A vationat Semiconduct 


CLC428 


Dual Wideband, Low-Noise, Voltage Feedback Op Amp 


General Description 


The National CLC428 is a very high-speed dual op amp that 
offers a traditional voltage-feedback topology featuring unity- 
gain stability and slew enhanced circuitry. The CLC428’s ul- 
tra low noise and very low harmonic distortion combine to 
form a very wide dynamic-range op amp that operates from 
a single (5 to 12V) or dual (+5V) power supply. 

Each of the CLC428’s closely matched channels provides a 
160MHz unity-gain bandwidth with an ultra low input voltage 
noise density (2nVNHz ). Very low 2nd/8rd harmonic distor- 
tion (-62dB) make the CLC428 a perfect wide dynamic- 
range amplifier for matched I/Q channels. 

With its fast and accurate settling (16ns to 0.1%), the 
CLC428 is also an excellent choice for wide-dynamic range, 
anti-aliasing filters to buffer the inputs of hi-resolution 
analog-to-digital converters. Combining the CLC428’s two 
tightly-matched amplifiers in a single eight-pin SOIC reduces 
cost and board space for many composite amplifier applica- 
tions such as active filters, differential line drivers/receivers, 
fast peak detectors and instrumentation amplifiers. 

To reduce design times and assist in board layout, the 
CLC428 is supported by an evaluation board and a SPICE 
simulation model available from National. 


Features 

m Wide unity-gain bandwidth: 160MHz 
= Ultra-low noise: 2.0nVN Hz 

= Low Distortion: -78dBc 2nd (2MHz) 

m= Low Distortion: -62/-72dBc (10MHz) 


Connection Diagram 





DS012710-35 


Pinout 
DIP & SOIC 
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827919 


OT 


™ Settling time: 16ns to 0.1 
m™ Supply voltage range: +2.5 to +5 or single supply 


- @ High output current: +70mA 


Applications 
= General purpose dual op amp 

m™ Low noise integrators 

m™ Low noise active filters 

= Diff-in/diff-out instrumentation amp 

m™ Driver/receiver for transmission systems 

m= High-speed detectors I/Q channel amplifiers 


Channel Matching 


a 
sain TUT TT 













s COUNT 
= |_| [cham | IK | = 
= EE EN » 2 
8 LT UIP RN N.S 
= IL || eee: 
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HL - 180 
-270 
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Frequency (MHz) 
DS012710-1 

Typical Application 
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Frequency (Hz) 
DS012710-3 


5-Decade Integrator 
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Typical Application (continue) 


CLC428 


360 pF 





DS012710-2 


Frequency & Phase Response 


Ordering Information 


Package Temperature Range Packaging NSC 
é-pin plastic DIP NOBE 
Spin plastic SOIC MOBA 
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CLC430 


National Semiconductor 


General Purpose 100MHz Op Amp with Disable 


General Description 


The CLC430 is a low-cost, wideband monolithic amplifier for 
general purpose applications. The CLC430 utilizes Nation- 
al’s patented current feedback circuit topology to provide an 
op amp with a slew rate of 2000V/us, 100MHZz unity-gain 
bandwidth and fast output disable function. Like all current 
feedback op amps, the CLC430 allows the frequency re- 
sponse to be optimized (or adjusted) by the selection of the 
feedback resistor. For demanding video applications, the 
0.1dB bandwidth to 20MHz and differential gain/phase of 
0.03%/0.05° make the CLC430 the preferred component for 
broadcast quality NTSC and PAL video systems. 


The large voltage swing (28Vpp) , continuous output current 
(84mA) and slew rate (2000V/us) provide high-fidelity signal 
conditioning for applications such as CCDs, transmission 
lines and low impedance circuits. Even driving loads of 
100Q, the CLC430 provides very low 2nd and 3rd harmonic 
distortion at 1MHz (—76/-82dBc). 

Video distribution, multimedia and general purpose applica- 
tions will benefit from the CLC430’s wide bandwidth and dis- 
able feature. Power is reduced and the output becomes a 
high impedance when disabled. The wide gain range of the 
CLC430 makes this general purpose op amp an improved 
solution for circuits such as_ active _ filters, 
differential-to-single-ended drivers, DAC transimpedance 
amplifiers and MOSFET drivers. 


Features 

= 0.1dB gain flatness to 20MHz (Ay = +2) 
m 100MHZz bandwidth (Ay = +1) 

m 2000V/us slew rate 


Connection Diagram 


0.03%/0.05° differential gain/phase 
+5V, +15V or single supplies 

100ns disable to high-impedance output 
Wide gain range 

Low cost 


Applications 
Video distribution 
CCD clock driver 
Multimedia systems 
DAC output buffers 
Imaging systems 


Unity-Gain Frequency Response 


Pt LTT see TN] 
TT 
il 


Magnitude (1 dB/div) 





Frequency (MHz) 
DS012711-1 





NC | 1] 
Vinv 
Von TAY 
Veco 
DS012711-4 
Pinout 
DIP & SOIC 
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CLC430 


Typical Application 


Vin 





Voffset 
4 


DS012711-2 


Ordering Information 


Output Voltage (2V/div) 


_—as 


OOF N ON FP MWO NY 





DS012711-3 


CCD Clock Driver 


Package Temperature Range Packaging NSC 
industrial Marking Drawing 


8-pin plastic DIP -—40°C to +85°C CLC430AJP NO8E 
8-pin plastic SOIC -40°C to +85°C CLC430AJE MO8A 


www.national.com 


National Semiconductor 





CEP/LEVO 10 


CLC431/432 
Dual Wideband Monolithic Op Amp with Disable 


General Description Features 


The CLC431 and CLC432 current-feedback amplifiers pro- Wide bandwidth: 92MHz(Ay =+1), 62MHZ(Ay=+2) 
vide wide bandwidths and high slew rates for applications Fast slew rate: 2000V/us 

where board density and power are key considerations. Fast disable: 1s to high-Z output 

These amplifiers provide DC-coupled small signal band- High channel isolation: 70dB at 10MHz 

widths exceeding 92MHz while consuming only 7mA per Single or dual supplies: +5V to + 16.5V 

channel. Operating from +15V supplies, the CLC431/432’s 
enhanced slew rate circuitry delivers large-signal band- . . 
widths without out voltage swings up to 28V,,. A wide range Applications 

of bandwidth-intensive gains are made possible by virtue of | ™ Video signal multiplexing 

the CLC431 and CLC482’s current-feedback topology. m= Twisted-pair differential driver 


The large common-mode input range and fast settling time | ™ CCD buffer & level shifting 

(70ns to 0.05%) make these amplifiers well suited for CCD & =m Discrete gain-select amplifier 
data telecommunication applications. The disable of the m# Transimpedance amplifier 

CLC431 can accommodate ECL or TTL logic levels or a wide 
range of user definable inputs. With its fast enable/disable 
time (0.2us/1us) and high channel isolation of 70dB at 
10MHz, the CLC431 can easily be configured as a 2:1 MUX. 
Many high performance video applications requiring signal 
gain and/or switching will be satisfied with the CLC431/432 
due to their very low differential gain and phase errors (less 
than 0.1% and 0.1°; Ay = +2V/V at 4.38MHz into 150Q load). 


Quick 8ns rise and fall times on 10V pulses allow the 
CLC431/432 to drive either twisted pair or coaxial transmis- 


sion lines over long distances. a 


The CLC431/432’s combination of low input voltage noise, Channel 24] | | | NW 


wide common-mode input voltage range and large output a 


voltage swings make them especially well suited for wide dy- 
namic range signal processing applications 


Enhanced Solutions (Military/Aerospace) 
SMD Number: 5962-94725 Frequency (MHz) 
*Space level versions also available. 

*For more information, visit http://www.national.com/mil 





CLC431/CLC432 Channel Matching 


mmc 
Prose A CENT 


2 ll 


Magnitude (1 dB/div) 
Phase (45° /div) 





DS012712-1 


Connection Diagrams 





DS012712-5 


Pinout 
CLC432 DIP & SOIC 
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CLC431/432 


Connection Diagrams (Continued) 





DS012712-4 


Pinout 
CLC431 DIP & SOIC 


Typical Application 


Vout (1V/div) 


mame 
er en 
Mi Ml ei 
[isles las eal ele 


Channel 1 | + | Channel 2 





Time (1 us/div) 
DS012712-3 


CLC431 Gain-Select Amplifier 


Rg 5000, Ry Channel 1 (Gain = 2) 





R 
f 
i Channel 2 (Gain = 5) 


DS012712-2 
Discrete Gain-Select Amplifier 
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Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Drawing 
14-Pin Plastic DIP -40°C to +85°C N14A 
14-Pin Plastic SOIC -40°C to +85°C M14A,B 
8-Pin Plastic DIP ~ -40°C to +85°C NO8E 
8-Pin Plastic SOIC -40°C to +85°C MO8A 


CEP/LEVOTO 





2-53 www.national.com 


-CLC440 





CLC440 


NN) vationat Semiconductor 


High-Speed, Low-Power, Voltage Feedback Op Amp 


General Description 


The CLC440 is a wideband, low-power, voltage feedback op 
amp that offers 750MHz unity-gain bandwidth, 1500/us slew 
rate, and 90mA output current. For video applications, the 
CLC440 sets new standards for voltage feedback monolith- 
ics by offering the impressive combination of 0.015% differ- 
ential gain and 0.025" differential phase errors while dissipat- 
ing a mere 70mW. 


The CLC440 incorporates the proven properties of Comlin- 


| ears current feedback amplifiers (high bandwidth, fast slew- 


ing, etc.) into a “classical” voltage feedback architecture. 
This amplifier possesses truly differential and fully symmetri- 
cal inputs both having a high 900kQ impedance with 
matched low input bias currents. Furthermore, since the 
CLC440 incorporates voltage feedback, a specific R; is not 
required for stability. This flexibility in choosing R, allows for 
numerous applications in wideband filtering and integration. 
Unlike several other high-speed voltage feedback op amps, 
the CLC440 operates with a wide range of dual or single 
supplies allowing for use in a multitude of applications with 
limited supp d rewmnashats The CLC440’s low 3.5nVNHz (e,) 
and 2.5pA/ V"Z (i,) noise sets a very low noise floor. 


Features 

m Unity-gain stable 

@ High unity-gain bandwidth: 750MHz 
= Ultra-low differential gain: 0.015% - 
m Very low differential phase: 0.025° 
m Low power: 7OmW 

= Extremely fast slew rate: 1500V/us 
@ High output current: 9OmA 


Generator Waveforms 


eRe eSee 
DEGRGARERS 
aaa ee es 
| | 
ANI ANIZN 
Pt I IM 
Elen ele cabal 
EVES SSP ee 


Time (10 ns/div) 
DS012714-25 


















Amplitude (500 mV/div) 
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= Low noise: 3. snVNHz 
@ Dual +2.5V to +6V or single 5V to 12V supplies 


Applications 

= Professional video 

= Graphics workstations 

= Test equipment 

m@ Video switching & routing 

= Communications 

= Medical imaging 

m A/D drivers 

m Photo diode transimpedance amplifiers 

m Improved replacement for CLC420 or OPA620 


Frequency Response (Ay = +2V/V) 


| 

a | 
ED NL 
| 
PA IIE A 


IE TTT AT 
a 
EOI T 


Magnitude (1 dB/div) 


Quiescent Power 





Frequency (MHz) 
DS$012714-1 


Connection Diagram 


Not Connected 


Not Connected 





DS012714-26 


Pinout 
DIP & SOIC 
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Typical Application 


0VV9O19 


10kQ (Freq. Adj.) 





2000 
50.0 Triangular Wave 
O Output 
91 pF 
500, 
1000 V 
1000 pF 5002 
FE V | 
(Amp. Adj) 
2000 
V 
500, 
O 
Square Wave 
900, Output 
V 
NOTE: CLC501 clamps are at t1V 5000, 
(Amp. Adj) 
V 
DS012714-2 


Ordering Information 


Package Temperature Range Packaging NSC 
8-pin plastic DIP -40°C to +85°C NO8E 
g-pin plastic SOIC MOBA 
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CLC446 


National Semiconductor 


400MHz, 50mW Current-Feedback Op Amp 


General Description 


The National CLC446 is a very high-speed unity-gain-stable 
current-feedback op amp that is designed to deliver the high- 
est levels of performance from a mere 50mW quiescent 
power. It provides a very wide 400MHz bandwidth, a 
2000V/us slew rate and 900ps rise/fall times. The CLC446 
achieves its superior speed-vs-power using an advanced 
complementary bipolar IC process and National’s current- 
feedback architecture. 


The CLC446 is designed to drive video loads with very low 
differential gain and phase errors (0.02%, 0.03"). Combined 
with its very low power (50mW), the CLC446 makes an ex- 
cellent choice for NTSC/PAL video switchers and routers. 
With its very quick edge rates (900ps) and high slew rate 
(2000V/us), the CLC446 also makes an excellent choice for 
high-speed, high-resolution component RGB video systems. 


The CLC446 makes an excellent low-power high-resolution 
A/D converter driver with its very fast 9ns settling time (to 
0.1%) and low harmonic distortion. 


The combination of high performance and low power make 
the CLC446 useful in many high-speed general purpose ap- 
plications. Its current-feedback architecture maintains con- 
sistent performance over a wide gain range and signal lev- 
els. DC gain and bandwidth can be set independently. Also, 
either maximally flat AC response or linear phase response 
can be emphasized. 


Connection Diagram 





Not Connected 


Features 

400MHz bandwidth (A,=+2) 

5mA supply current | 
0.02%, 0.03° differential gain, phase 
2000V/us slew rate 

9ns settling to 0.1% 

0.05dB gain flatness to 100MHz 
—65/—78dBe HD2/HD3 


Applications 

m@ High resolution video 
A/D driver 

Medical imaging 

Video switchers & routers 
RF/IF amplifier 
Communications 
Instrumentation 


Non-Inverting Frequency Response (A,=+2) 


. 

vo= 05%} | Hill {Il 
\ 
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Gain (dB) 


Frequency (Hz) 
DS012730-1 


Not Connected 


+ 
Voc 


Vout 


Not Connected 


DS012730-89 
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Pinout 
DIP & SOIC 


2-56 


Typical Application 


9PV919 





DS012730-23 


Elliptic-Function Low Pass Filter 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Marking Drawing 


8-pin plastic DIP —40°C to +85°C CLC446AJP NO8E 
8-pin plastic SOIC -40°C to +85°C CLC446AJE MO8A 
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CLC449 


AV vationat Semiconductor 


1.1GHz Ultra-Wideband Monolithic Op Amp 


General Description 


The CLC449 is an ultra-high-speed monolithic op amp, with 
a typical -3dB bandwidth of 1.1GHz at a gain of +2. This 
wideband op amp supports rise and fall times less than 1ns, 


settling time of 6ns (to 0.2%) and slew rate of 2500V/us. The | 


CLC449 achieves 2nd harmonic distortion of —68dBc at 
5MHz at a low supply current of only 12mA. These perfor- 
mance advantages have been achieved through improve- 
ments in National’s proven current feedback topology com- 
bined with a high-speed complementary bipolar process. 
The DC to 1.2GHz bandwidth of the CLC449 is suitable for 
many IF and RF applications as a versatile op amp building 
block for replacement of AC coupled discrete designs. Op- 
erational amplifier function such as active filters, gain blocks, 
differentiation, addition, subtraction and other signal condi- 
tioning functions take full advantage of the CLC449’s unity- 
gain stable closed-loop performance. 

The CLC449 performance provides greater headroom for 
lower frequency applications such as component video, 
high-resolution workstation graphics, and LCD displays. The 
amplifiers 0.1dB gain flatness to beyond 200MHz, plus 
0.8ns 2V rise and fall times are ideal for improved time do- 


main performance. In addition, the 0.03%/0.02° differential 


gain/phase performance allows system flexibility for handling 
standard NTSC and PAL signals. 

In applications using high-speed flash A/D and D/A convert- 
ers, the CLC449 provides the necessary wide bandwidth 
(1.1GHz), settling (6ns to 0.02%) and low distortion into 50Q 
loads to improve SFDR. 


Connection Diagram 
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Features 

m 1.1GHz small-signal bandwidth (A, =+2) 
m 2500V/us slew rate 

@ 0.03%, 0.02" Dg, Da 

= 6ns settling time to 0.2% 

m@ 3rd order intercept, 30dBm @ 70MHz 

@ Dual +5V or single 10V supply 

@ High output current: 80mA 

m@ 2.5dB noise figure 


Applications 

m High performance RGB video 
@ RF/IF amplifier 

# Instrumentation 

m Medical electronics 

m Active filters 

m™ High-speed A/D driver 

m High-speed D/A buffer 


Frequency Response (A, =+2V/V) 


AT TT 
IIMNEESEA AN 
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Magnitude (3 dB/div) 
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Frequency (MHz) 
DS012715-1 


5 Not Connected 


DS012715-3 


Pinout 
DIP & SOIC 
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Typical Application 


677019 





Hen 


Ry ae Bevitak 
7 he val 
CAA 


2.2 ko 
-5.2V 


DS012715-2 





th TDA87 16 


120MSPS High-Speed Flash ADC Driver 
Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Marking Drawing 


8-pin plastic DIP —40°C to +85°C CLC449AJUP NO8E 
8-pin plastic SOIC -40°C to +85°C CLC449AJE MO08A 
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CLC450 


National Semiconductor 





~-CLC450 


Single Supply, Low-Power, High Output, Current 
Feedback Amplifier 


General Description 


The CLC450 has a new output stage that delivers high out- 
put drive current (100mA), but consumes minimal quiescent 
supply current (1.5mA) from a single 5V supply. Its current — 
feedback architecture, fabricated in an advanced comple- 
mentary bipolar process, maintains consistent performance 
over a wide range of gains and signal levels, and has a 
linear-phase response up to one half of the -3dB frequency. Applications 


The CLC450 offers superior dynamic performance with a =m Coaxial cable driver 
100MHz small-signal bandwidth, 280V/us slew rate and = Twisted pair driver 

6.1ns rise/fall times (2V step). The combination of low quies- 
cent power, high output current drive, and high-speed perfor- 
mance make the CLC450 well suited for many 
battery-powered personal communication/computing sys- 


-79/-75dBe HD2/HD3 (1MHz) 

20ns settling to 0.05% 

280V/us slew rate 

Stable for capacitive loads up to 1000pf 
Single 5V to +5V supplies 

Available in Tiny SOT23-5 package 


= Transformer/Coil Driver 
m™ High capacitive load driver 
m Video line driver 








tems. . m Portable/battery-powered applications 
The ability to drive low-impedance, highly capacitive loads, % A/D driver 
makes the CLC450 ideal for single ended cable applications. 
It also drives low. impedance loads with minimum distortion. — Maximum Output Voltage vs. R, 
| The CLC450 will drive a 100Q load with only —75/-64dBc 
second/third harmonic distortion (Ay =+2, Vout = 2Vpp, f 
| =1MHz). With a 25Q load, and the same conditions, it pro- 
duces only —70/-60dBc second/third harmonic distortion. It an 
is also optimized for driving high currents into single-ended a 
transformers and coils. ° mRF. | 
When driving the input of high-resolution A/D converters, the s AH 
CLC450 provides excellent —79/-75dBc second/third har- a me 4 Ee ae 
monic distortion (Ay= +2, Vout = 2Vpp, f =1MHz, Rp= 1kQ) a ATI 
| and fast settling time. } mee aceiil 
Available in SOT23-5, the CLC450 is ideal for applications 
where space is critical. 
Features 
# 100mA output current 
DS012733-65 
gw 1.5mA supply current 
m 100MHz bandwidth (Ay =+2) 
Connection Diagrams 
DS012733-3 
DS012733-4 Pinout 
Pinout 2Ole22 
DIP & SOIC 
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Typical Application 


0SPOTD 





10m of 750 
Coaxial Cable 


Vout 





DS012733-1 


Single Supply Cable Driver 
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20 ns/div 












100 mV/div 











DS012733-2 


Response After 10m of Cable 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Marking Drawing 


8-pin plastic DIP —40°C to +85°C CLC450AJP NO8E 











8-pin plastic SOIC —40°C to +85°C CLC450AJE MO8A 
5-pin SOT —40°C to +85°C CLC450AJM5 MAO5A 
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CLC452 


National Semiconductor 





CLC452 
Single Supply, Low-Power, High Output, Current 
Feedback Amplifier 


General Description 


The CLC452 has a new output stage that delivers high out- 
put drive current (100mA), but consumes minimal quiescent 
supply current (3.0mA) from a single 5V supply. Its current 
feedback architecture, fabricated in an advanced comple- 
mentary bipolar process, maintains consistent performance 
over a wide range of gains and signal levels, and has a 
linear-phase response up to one half of the —3dB frequency. Applications 


-—78/-85dBe HD2/HD3 (1MHz) 

25ns settling to 0.05% 

400V/us slew rate 

Stable for capacitive loads up to 1000pF 
Single 5V to +5V supplies 

Available in Tiny SOT23-5 package 


The CLC452 offers superior dynamic performance with a =m Coaxial cable driver 

130MHz small-signal bandwidth, 400V/us slew rate and § Twisted pair driver 

4.5ns rise/fall times (2Vetep. The combination of low quies- Transformer/Coil Driver 

cent power, high output current drive, and high-speed perfor- s High capacitive load driver 

mance make the CLC452 well suited for many 

battery-powered personal communication/computing sys- Video line driver — 

tems. m™ Portable/battery-powered applications 
m A/D driver 


The ability to drive low-impedance, high capacitive loads, 
makes the CLC452 ideal for single ended cable applications. 
It also drives low impedance loads with minimum distortion. Maximum Output Voltage vs. R, 
The CLC452 will drive a 100Q load with only —75/-74dBc 
second/third harmonic distortion (Ay = +2, Vour = 2Vpp, f 
=1MHz). With a 25Q load, and the same conditions, it pro- 
duces only —65/-77dBc second/third harmonic distortion. It 








is also optimized for driving high currents into single-ended = 
transformers and coils. 8 
When driving the input of high-resolution A/D converters, the = 
CLC452 provides excellent —78/-85dBce second/third har- . 
monic distortion (Ay = +2, Vout = 2Vpp, f =1MHz, Ry, = 1k) a 
and fast settling time. a 
Available in SOT23-5, the CLC452 is ideal for applications 
where space is Critical. 
Features 
# 100mA output current ceere 
= 3.0mA supply current 
@ 130MHz bandwidth (Ay = +2) 
Connection Diagrams 
Not Connected [1 | [8] Not Connected 
Vinv Voc 
Vnon-inv 6] Vo 
VEE Not Connected ; race 
Pinout 
DS012790-5 SOT23-5 
Pinout 
DIP & SOIC 
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Typical Application 


+5V 







10m of 750, 
Coaxial Cable 


Vout 


DS012790-2 


100 mV/div 


DS012790-3 


Response After 10m of Cable 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Marking Drawing 
8-pin plastic DIP -—40°C to +85°C CLC452AJP NO8E 


8-pin plastic SOIC -40°C to +85°C CLC452AJE MO08A 
5-pin SOT -40°C to +85°C CLC452AJM5 MAO5A 
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CLC501 


National Semiconductor 





CLC501 
High-Speed, Output Clamping Op ae 


General Description | *Space level version also available. 


The CLC501 is a high-speed current-feedback op amp with For more information, visit http://www.national.com/mil 


the unique feature of output voltage clamping. This feature 

allows both the maximum positive (V,,ig,) and negative (Viow) Featu res 

output voltage levels to be established. This is useful ina = Output clamping (Vhigh 2Nd Viow) 
number of applications in which “downstream” circuitry must m# ins recovery from clamping/overdrive 
be protected from over driving input signals. Not only can sg 9 95% settling in 12ns 

this prevent damage to downstream circuitry, but can also. 

reduce time delays since saturation is avoided. The 7 

CLC501’s very fast 1ns overload/clamping recovery time is 
useful in applications in which information-containing signals 


Characterized and guaranteed at Ay=+ 32 
Low power, 180mW | 


follow overdriving signals. . Applications 
Engineers designing high-resolution, subranging A/D sys- ™ Residue amplifier in high-accuracy, subranging A/D 
tems have long sought an amplifier capable of meeting the systems 


demanding requirements of the residue amplifier function. | ™ High-speed communications 

Amplifiers providing the residue function must not ohly settle = Output clamping applications 

quickly, but recover from overdrive quickly, protect the sec- m Pulse amplitude modulation systems 
ond stage A/D, and provide high fidelity at relatively high gain 

settings. The CLC501, which excels in these areas, is the 

ideal design solution in this onerous application. To further Clamped Pulse Response 
support this application, the CLC501 is both characterized Output is clamped at 

and tested at a gain setting of +32—the most common gain Vy, which is at +2.2V 


setting for residue amplifier applications. fata | | 
evtomance design elon, Sree te CLOSETS cre HAH 
PLAT | fimo y | 


feedback design requires no external compensation, design- 
ers need not spend their time designing compensation net- 
works. The small 8-pin package and low, 18OmW power con- 
sumption make the CLC501 ideal in numerous applications 
having small power and size budgets. 
The CLC501 is available in several versions to meet a vari- 
ety of requirements. A three-letter suffix determines the ver- 
sion: | : 5 ns/div 
Enhanced Solutions (Military/Aerospace) DS012753-1 
SMD Number: 5962-94597 | | 


Input and Output 
0.4V/div 





Connection Diagram 





Not Connected S 
ot Co as 8 7 S ans : a a ‘ : KO : 
Vnon-inv 3 | 16] Vout = . 
“ec Viow 2 = 
DS012753-3 FE 
Pinout 
DIP & SOIC 





DS012753-2 
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Ordering Information 


Package Temperature Range Packaging NSC 
g-Pin Plastic DIP NORE 
8-Pin Plastic SOIC MOBA 
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CLC502 


AD vational Semiconductor 


Clamping, Low-Gain Op Amp with Fast 14-bit Settling 


General Description 


The CLC502 is an operational amplifier designed for 
low-gain applications requiring output voltage clamping. This 
feature allows the designer to set maximum positive and 
negative output voltage levels for the amplifier — thus allow- 
ing the CLC502 to protect downstream circuitry, such as deli- 
cate converter systems from destructive transients or signals 
which would otherwise cause saturation. The overload re- 
covery time of only 8ns permits systems to resume operation 
quickly after overdrive. 


High-accuracy systems will also benefit from the CLC502’s 
fast, accurate settling. Settling to 0.0025% in 25ns (32ns 
guaranteed over temperature), the CL.C502 is ideal as the in- 
put amplifier in high-accuracy (12 bits and above) A/D sys- 
tems. Unlike most other high-speed op amps, the CLC502 is 
free of settling tails. And, as the settling plots show, settling 
to 0.01% accuracy is an even faster 18ns typical. 

The CLC502 is aiso useful in other applications which re- 
quire low-gain amplification (+ 1 to +8) and the clamping or 
overload recovery features. For example, even 
low-resolution imaging circuits, which often have to cope 
with overloading signal levels, can benefit from clamping and 
overload recovery. 


The CLC502 is available in several versions to meet a vari- 
ety of requirements. A three-letter suffix determines the ver- 
sion: 

Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-91743 

*Space level versions also available. 

*For more information, visit http:/Awww.national.com/mil 


Connection Diagram 





Not Connected 4. 


Features 

m= Output clamping with fast recovery 
m 0.0025% settling in 25ns (32ns max) 
m Low power, 170mW 

® Low distortion. -50dBc at 20MHz 


Applications 


= Output clamping applications 

m High-accuracy A/D systems (12-14 bits) 
@ High-accuracy D/A converters 

m Pulse amplitude modulation systems 


Clamped Pulse Response (8x Overdrive) 


td 
| LAceccin 
Ear TT Le 
PETE TE EEL 


Vin , Vout (V) 


Time (10 ns/div) 





DS012754-1 


Vinv +Vec 
Vnon-inv 6 Vout 
VEE View 
DS012754-2 
Pinout 
DIP & SOIC 


Ordering Information 


Package 


8-pin Plastic DIP 
8-pin Plastic SOIC 
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industrial Marking 


NSC 
Drawing 
NO8E 
MO08A 
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CLC505 
High-Speed, Programmable-Supply Current, Monolithic 
Op Amp 


General Description For more information, visit http://www.national.com/mil 


The CLC505 is a monolithic, high-speed op amp with a 

unique combination of high performance, low power con- Features 
sumption, and flexibility of application. The supply current is = 10mW power consumption with SOMHz BW 
programmable over a 10 to 1 continuous range with asingle | Single-resistor programming of supply current 
resistor, R,. This feature enables the amplifier to be used in ™ 3.4mA Icc provides 100MHz bandwidth and 14ns 
a wide variety of high-performance applications. Typical per- settling (0.05%) 









formance at any supply current is exceptional: = Fast disable capability 
Supply Current (lec) Be tii balan ilenar coma 
mw 0. = 3. 
pf ma | 8.4mA | tm So Nene ane re eh 
“a8 bandwith | 150 | 100 | 50 | M Applications 
settling time eae oe Low-power/battery applications 


Tsiew rate | 1700_| 1200 | 800 | Vinseo 
Foutput curent [45 [25 [7 [mA 


The CLC505’s combination of high performance, low power 
consumption, and large signal performance makes the 
CLC505 ideal for a wide variety of remote site equipment ap- 
plications, such as battery-powered test instrumentation and L -Siqnal Pulse R 
communications gear. Some other power applications are age Snel ee esPene? 


video switching matrices, ATE, and phased-array radar sys- |] | fasts tf | | 


oe Se 


| 
= Remote site instrumentation 
= Mobile communications gear 
m Video switching matrix 
m Phased-array radar 


The CLC505 has been designed for ease of use and has TUL | TL aE 
Bn eee 
PERE 


been specified to ensure design confidence and final system 
predictability. The product performance is specified for 1mA, 
3mA ad 9mA supply current. The CLC505 is available in 


z 
8-pin Dip SOIC packages offered for the industrial tempera- PT ART TEL TNL 


1V/div 





ture range. | Nt 
Enhanced Solutions (Military/Aerospace) Pitas tac 
SMD Number: contact factory 5 ns/div 

Space level versions also available. | DeMetee er 


Connection Diagram 





DS012755-33 


Pinout 
DIP & SOIC 


Ordering Information 


Package Temperature Range Packaging NSC 
8-pin plastic DIP NOBE 
8-pin plastic SOIC MOBA 
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CLC520 


CLC520 


AY vationa Semiconductor 


Amplifier with Voltage Controlled Gain, AGC +Amp + + 


General Description 


' The CLC520 is a wideband DC-coupled amplifier with 


voltage-controlled gain (AGC). The amplifier has a 
high-impedance, differential signal input; a high-bandwidth, 
gain control input; and a single-ended voltage output. Signal 


| channel performance is outstanding with 160MHz small sig- 


nal bandwidth, 0.5 degree linear phase deviation (to GOMEIz) 
and 0.04% signal nonlinearity at 4Vpp output. 


' Gain-control is very flexible and easy to use. Maximum gain 


may be set over a nominal range of 2 to 100 with one exter- 
nal resistor. In addition, the gain-control input provides more 
than 40dB of voltage-controlled gain adjustment from the 
maximum gain setting. For example, a CLC520 may be set 
for a maximum gain of 2 (or 6dB) for a voltage-controlled 
gain range from 40dB to less than 34aB. Alternatively, the 
CLC520 could be set for a maximum gain of 10 or (40dB) for 


_ a voltage-controlled gain range from 40dB to less than OcB. 


The gain-control bandwidth of 100MHz is superb for AGC/ 
ALC loop stabilization. And since the gain is minimum with a 
zero volt input and maximum with a +2 volt input, driving the 
control input is easy. 


Finally, the CLC520 ~~ differential inputs, and 


- ground-referenced voltage output take the trouble out of de- 


signing DC-coupled AGC circuits for display normalizers; 
signal leveling automatic circuits; etc. 


Enhanced Solutions (Military/Aerospace) 

SMD Number: 5962-91694 

Space level versions also available. 

For more information, visit http://www.national.com/mil 


Gain V/V 


oO Fe NM wW Fk IT DNS Ow 





Vg (0.2V/div) 
DS012756-39 


Gain vs. Vg 
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Features 

160MHz, -3dB bandwidth 

2000V/usec slew rate 

0.04% signal nonlinearity at 4Vpp output 

—43dB feedthrough at 3OMHz 

User adjustable gain range 

Differential voltage input and single-ended voltage 
output 


Applications 
Wide-bandwidth AGC systems 
Automatic signal-leveling 
Video signal processing 
Voltage controlled filters 
Differential amplifier 
Amplitude modulation 


Gain vs. Vg 


Gain (10 dB/div) 





Vg (0.2V/div) 
DS012756-40 


Connection Diagram 





DS012756-29 


_ Pinout 
DIP & SOIC 
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Ordering Information 


Package Temperature Range Packaging Marking NSC 
Industrial Drawing 


0¢S919 


14-pin plastic DIP -—40°C to +85°C CLC520AJPM N14A 
14-pin plastic SOIC -—40°C to +85°C CLC520AJE M14A, M14B 
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CLC522 


~ ample, set for a maximum gain of 100V/V, the CLC522 will 


(V xations: Semiconductor 


CLC522 
Wideband Variable-Gain Amplifier 


General Description m >40dB gain-adjustment range 


The CLC522 variable gain amplifier (VGA) is a dc-coupled, : sae sth : a 4 ic cate 
two-quadrant multipliers with differential voltage inputs and a ORO NONAae ae 
single-ended voltage output. Two input buffers and an output a . 

operational amplifier are integrated with the multiplier core Applications 

and make the CLC522 a complete VGA system that does not Variable attenuators 

require external buffering. Pulse amplitude equalizers 

The CLC522 provides the flexibility of externally setting the HF modulators 

maximum gain with only two external resistors. Greater than Automatic gain control & leveling loops 
40dB gain control is easily achieved through a single high Video production switching 

impedance voltage input. The CLC522 provides a linear (in Differential line-receweré 

Volts per Volt) relationship between the amplifier’s gain and Noliaae controlled titers 

the gain-control input voltage. g 


The CLC522’s maximum gain may be set anywhere over a 
nominal range of 2V/V to 100V/V. The gain control input then Gain vs. Gain Control Voltage (V,) 
provides attenuation from the maximum setting. For ex- 


provide a 100V/V to 1V/V gain control range by sweeping the 
gain control input voltage from +1 to —0.98V. 


Set at a maximum gain of 10V/V, the CLC522 provides a 
165MHz signal channel bandwidth and a 165MHz gain con- 
trol bandwidth. Gain nonlinearity over a 40dB gain range is 
0.5 

and gain accuracy at Aymax = 10V/V is typically +0.3%. 


COCA 
HLA 


Gain (V/V) 


Features 

@ 330MHz signal bandwidth: Aymax = 2 

@ 165MHz gain-control bandwidth 

m 0.3° to GOMHz linear phase deviation 

= 0.04% (-68dB) signal-channel non-linearity 





Gain Control Voltage, Vg (Vv) 
DS012718-1 


Connection Diagram 


+Voc 
Vg al 
+Vin 5 
+Rg O 
2p a 
: O 


-Voc 





DS012718-4 


Pinout 
DIP & SOIC 
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Typical Application 


605919 
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DS012718-2 


2nd Order Tuneable Bandpass Filter 


is | ener ane 
VIN Nn] » 1 k 





oem 
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DS012718-3 


Ordering Information | 


Package Temperature Range Packaging NSC 
Y4rpin plastic SOIC MI4A, B 


2-71 www.national.com 





CLC5506 


National Semiconductor 


CLC5506 
Gain Trim Amplifier (GTA) 


General Description 


The CLC5506 is a low-noise amplifier with programmable 
gain for use in cellular base stations, WLL, radar and RF/IF 
subsystems where gain-control is required to increase the 
dynamic range. The CLC5506 allows designers to compen- 
sate for manufacturing component tolerances and tempera- 
ture variations in receiver front ends. Maximum amplifier 
gain is set at 26dB . A three-line MICROWIRE serial inter- 
face allows 16dB of attenuation from the max gain setting in 
precise 0.25dB steps. 


The CLC5506 uses a differential input and output, allowing 
large output swings on a single 5V rail. The differential output 
is well suited for impedance matching networks driving SAW 
fitters or directly driving differential input analog to digital 
converters (ADC). The differential output also makes it pos- 
sible to drive transformers allowing designers the ability to 
match a wide variety of transmission lines. The output ampli- 
fier has excellent output drive with low distortion. 

Digital control of the CLC5506 is accomplished using MI- 
CROWIRE Interface. Data Out and a Load Enable are incor- 
porated so that more than one CLC5506/channel may be 
programmed per system. 


~ The CLC5506 maintains a GOOMHz performance bandwidth 
over its entire gain and attenuation range from +10dB to- 


+26dB. Gain control is divided into 64 equal steps of 0.25dB 
and is dB-linear. Output drive and distortion performance are 
excellent; In a 50Q system, the third-order output intercept 
point is +22dBm at nominal gain of 18dB at 25°C. The 
CLC5506 operates over the industrial temperature range of 
—40°C to +85°C. 


www.national.com 


Features 


600MHz bandwidth 

26dB maximum gain @ 150MHz 
16dB gain control range 
Attenuation step size: 0.25dB 
4.8d0B noise figure @ 26dB 
+22dBm output IP3. @ 18dB gain 
Digital “dB Linear” gain control 
Supply voltage: 5V 

Supply current: 75mA 

Supply shutdown: 35yA 
Package: SOIC-14 

Typical at 25°C 


Applications 
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Cellular base-stations 
Base station repeater 
Wireless Local Loop 
Radar 

Receivers 

IF amplifiers 

Digital IF receiver 
Software radio 

Satellite communications 


Frequency Response vs. Gain Setting 


ee Tet A Mle ass od 
CCR 


——— a a SS 


Nese ates ver shes da 
De ce Hee cee) ental 


a See a eae 
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~ Gain (dB) 





Frequency (MHz) 
DS101050-1 


Typical Application 
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Filter 






Interface 
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DS101050-2 


Connection Diagram 


CLC5506 Pin Diagram 


Ne Voca 

GND, GND, 

Int Out+ 

In- Out- 

7 Veep 

Clock GNDp 
Data In Data Out 





DS101050-3 


Top View 


SS 
a 
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Negative differential input 


MICROWIRE load enable input. High impedance CMOS input with Schmitt 
trigger 

Clock MICROWIRE clock input. High impedance CMOS input with Schmitt trigger. 
Data is clocked in on the rising edge of clock. 

Data In MICROWIRE data input. High impedance CMOS input with Schmitt trigger. 
Binary serial data. Data entered Power Down first. 
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CLC5506 


Ordering Information 


-40° | 40°C to 485°C | 40°C to 485°C +85°C 
50-14 reicssoam | Cals =| SSM 
a eae 
. Reel 
 eccl  eeeel 
board 
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CLC5509 


National Semiconductor 


Ultra-Low Noise Preamplifier 


General Description 


The CLC5509 is a high performance, ultra-low noise pream- 
plifier designed for applications requiring unconditional sta- 
bility for wide ranges of complex input loads. Both input im- 
pedance and gain are externally adjustable, which make it 
simple to interface to peizoelectric ultrasound transducers. 
The CLC5509 preamplifiers low 0.58nVVHz total input 
noise makes it ideal for noise sensitive front ends. The high 


repeatability in group delay over voltage and temperature | 


translates into precision edge measurements for Doppler ap- 
plications. 


The IC consists of an emitter input, common base amplifier 
stage followed by a low distortion, closed loop buffer. The 
Noise Figure can be user programmed by controlling the 
emitter current (lg,;as1) which sets emitter resistance r,. Ex- 
ternal negative feedback creates a well controlled input im- 
pedance to allow a near noiseless active input transmission 
line termination. The preamp is stable against changes in 
source impedance of 50 to 200Q over temperature and sup- 
ply variations, with gains from 14dB to 26dB. The CLC5509 
preamp architecture is also well suited for use with 
magneto-resistive tape or disk drive heads. In these applica- 
tions the head bias current can be reused to bias the 
preamp. The part is packaged in an 8-pin plastic SOIC, and 
runs off +5V supplies. External biasing is required for the in- 
put signal path. 

The CLC5509 is constructed using an advanced comple- 
mentary bipolar process and National Semiconductor's 
proven high performance architectures. 


Connection Diagram 





Features 


Applications 
m Ultrasound preamp 
m Tape drive preamp 
m Disk drive preamp 


Noise Figure (dB) 


0.58nVVHz total input noise @ 12MHz 

>3.0dB Noise figure advantage over shunt termination 
<.5ns group delay repeatability 
High cutoff -3dB @ 33MHz 
Low cutoff -3dB @ 0.5MHz 
2.0dB noise figure @ 50Q 
~—60dBc intermod for 2Vpp @ 5MHz 
Programmable noise figure vs. lpiasi 
Supply current: 11mA 
Available in 8-pin SOIC 


Noise Figure 





50 75 100125 150 175 200 225 250 275 300 


8H Voc 
7 Ly Out 
6 (J Ver 
5 By 
DS101304-3 


Pinout 
SOIC 


2-75 


Source Resistance Rg (11) 
DS101304-37 
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CLC5509 


Typical Application 
Voc 
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DS101304-2 


Ultrasound PreAmp 








| Temperature Range Transport Media 


Ordering Information 
Industrial 


Package NSC 
DrawingM 
0°C to 70°C 


8-pin SOIC CLC5509CM CLC5509CM | Rails sae 
CLC5509CMX CLC5509CM 2.5k Tape and Reel 


Packaging 
Marking 
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CLC5523 


National Semiconductor 


Low-Power, Variable Gain Amplifier 


General Description 


The CLC5523 is a low power, wideband, DC-coupled, 
voltage-controlled gain amplifier. It provides a 
voltage-controlled gain block coupled with a current feed- 
back output amplifier. High impedance inputs and minimum 
dependence of bandwidth on gain make the CLC5523 easy 
to use in a wide range of applications. This amplifier is suit- 
able as a continuous gain control element in a variety of 
electronic systems which benefit from a wide bandwidth of 
250MHz and high slew rate of 1800V/us, with only 1385mW of 
power dissipation. 

Input impedances in the megaohm range on both the signal 
and gain control inputs simplify driving the CLC5523 in any 
application. The CLC5523 can be configured to use pin 3 as 
a low impedance input making it an ideal interface for current 
inputs. By using the CLC5523’s inverting configuration in 
which Rgj is driven directly, inputs which exceed the device’s 
input voltage range may be used. 


The gain control input (V,) with a 0 to 2V input range, anda 
linear-in-dB gain control, simplifies the implementation of 
AGC circuits. The gain control circuit can adjust the gain as 
fast as 4dB/ns. Maximum gains from 2 to 100 are accurately 
and simply set by two external resistors while attenuation of 
up to 80dB from this gain can be achieved. 


The extremely high slew rate of 1800V/us and wide band- 
width provides high speed rise and fall times of 2.0ns, with 
settling time for a 2 volt step of only 22ns to 0.2%. In time do- 
main applications where linear phase is important with gain 
adjust, the internal current mode circuitry maintains low de- 
viation of delay over a wide gain adjust range. 


Connection Diagram 


Features 


Low power: 135mW 

250MHz, —3dB bandwidth 

Slew rate 1800V/uUs 

Gain flatness 0.2d @ 75MHz 
Rise & fall times 2.0ns 

Low input voltage noise anv Hz 


Applications 


Automatic gain control 

Voitage controlled filters 
Automatic signal leveling for A/D 
Amplitude modulation 

Variable gain transimpedance 


Frequency Response with changes in V, 
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Frequency (Hz) 
DS012798-1 





DS012798-3 


Pinout 


DIP & SOIC 
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CLC5523 


Typical Application 


Ordering Information 


Package 


8-pin plastic DIP 
8-pin plastic SOIC 
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DS012798-2 


Variable Gain Amplifier Circuit 


Temperature Range Packaging ; 
[rote SSSC*dYSCL SIN 
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Drawing 
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National Semiconductor 


CLC5526 


Digital Variable Gain Amplifier (DVGA) 


General Description 


The CLC5526 is a high performance, digitally controlled, 
variable-gain amplifier (DVGA). It has been designed for use 
in a broad range of mixed signal and digital communication 
applications such as mobile radio, cellular base stations and 
back-channel modems where automatic-gain-control (AGC) 
is required to increase system dynamic range. 


The CLC5526 has differential input and output, allowing 
large signal swings on a single 5V rail. The input impedance 
is 200Q. The differential output impedance is 600Q and is 
designed to drive a 1 kQ differential load. Tne output ampli- 
fier has excellent intermodulation performance. The 
CLC5526 is designed to accept signals from RF elements 
and maintain a terminated impedance environment. 


The CLC5526 maintains a 350 MHz bandwidth over its en- 
tire gain and attenuation range from +30 dB to —12 dB. Inter- 
nal clamping ensures very fast overdrive recovery. Two tone 
intermodulation distortion is excellent: at 150 MHz, 1 V,, it is 
~—64 dBc. 


Input signals to the CLC5526 are scaled by an accurate, dif- 
ferential R-2R resistive ladder with an input impedance of 
200. A scaled version of the input is selected under digital 
control and passed to the internal amplifier. The input com- 
mon mode level is set at 2.4V via a bandgap referenced bias 
generator which can be overridden by an external input. 


Following the resistive ladder is a fixed, 30 dB gain amplifier. 
The output stage common mode voltage of the CLC5526 is 
set to 3V, by internal, positive supply connected resistors. 
Digital control of the CLC5526 is accomplished by a 3-bit 
parallel gain control input and a data valid pin to latch the 
data. If the data is not latched, the DVGA is transparent to 
gain control updates. All digital inputs are TTL/CMOS com- 
patible. 


Block Diagram 





Latch 
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A shutdown input reduces the CLC5526 supply currrent to a 
few mA. During shutdown, the input termination is main- 
tained and current attenuation settings are held. 

The CLC5526 operates over the industrial temperature 
range of —40°C to +85°C. The part is available in a 20-pin 
SSOP package. 


Features 

m 350 MHz bandwidth 

m Differential input and output 

= Gain control: parallel w/data latching 
m™ Supply voltage: +5V 

m™ Supply current: 48 mA 


Key Specifications 
m@ Low two tone intermod: 
distortion: -64 dBc @ 1 Vpp, 150 MHz 
24.5 dBm IP3, 150 MHz 
m Lownoise: 2.5 nV/VHz (max gain), 
9.3 dB noise figure (max gain) 
m Wide gain range: +30 GB to -12 dB 
m Gain step size: 6 dB 


Applications 
Cellular/PCS base stations 
IF sampling receivers 
Infrared/CCD imaging 
Back-channel modems 
Electro-optics 
Instrumentation 

Medical imaging 

High definition video 


OUT+ 


OUT- 


DS015016-2 


www.national.com 


925S919 





CLC5526 


Pin Configuration 
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DS015016-1 


Pin Descriptions 


Pin 
GND 
Gain MSB 
Gain ISB 
Gain LSB 
RetCom [| SS —*d 
Out 
Out 
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Ordering Information 


~ CLO5526MSA 20-PinSSOP 
CLC5526PCASM Evaluation Board 





Description 


Circuit ground. 

Gain Selection Most Significant Bit 
Gain Selection Data Bit 

Gain Selection Least Significant Bit 
Positive Differential Input 

Negative Differential Input 
Reference Compensation 

Positive Supply Voltage 

Low Power Standby Control (Active High) 
Data Latch Control (Active High) 
Positive Differential Output 
Negative Differential Output 
External Reference Input 
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CLC5602 
Dual, High Output, Video Amplifi er 


0.06%, 0.02° differential gain, phase 
1.5mA/ch supply current 

135MHz bandwidth (A,=+2) 
-87/-95dBc HD2/HD3 (1MHz) 

15ns settling to 0.05% 

300V/us slew rate 

Stable for capacitive loads up to 1000pf 
Single 5V or +5V supplies 


General Description 


The National CLC5602 has a new output stage that delivers 
high output drive current (130mA), but consumes minimal 
quiescent supply current (1.5mA/ch) from a single 5V supply. 
Its current feedback architecture, fabricated in an advanced 
complementary bipolar process, maintains consistent perfor- 
mance over a wide range of gains and signal levels, and has 
a linear-phase response up to one half of the —3dB fre- 
quency. | 
The CLC5602 offers a 0.1dB gain flatness to 22MHz and dif Applications 
ferential gain and phase errors of 0.06 

and 0.02%. These features are ideal for professional and 
consumer video applications. 


The CLC5602 offers superior dynamic performance with a 
135MHz small-signal bandwidth, 300V/us slew rate and a 
5.7Nns rise/fall times (2V.tep). The combination of low quies- 
cent power, high output current drive, and high-speed perfor- 
mance make the CLC5602 well suited for many battery- 
powered personal communication/computing systems. 


The ability to drive low-impedance, highly capacitive loads, 


m Video line driver 

™ ADSL/HDSL driver 

= Coaxial cable driver 

= UTP differential line driver 

m Transformer/coil driver 

m@ High capacitive load driver 

m™ Portable/battery-powered applications 
m Differential A/D driver 


makes the CLC5602 ideal for single ended cable applica- Maximum Output Voltage vs. R, 


tions. It also drives low impedance loads with minimum dis- 
tortion. The CLC5602 will drive a 100Q load with only 
-—86/-85dBc second/third harmonic distortion (Ay=+2, 
Vout=2Vpp, f= 1MHz. With a 25Q load, and the same condi- 
tions, it produces only —86/—72dBc second/third harmonic 
distortion. 


The CLC5602 can also be used for driving differential-input 
step-up transformers for applications such as Asynchronous 
Digital Subscriber Lines (ADSL) or High-Bit-Rate Digital 
Subscriber Lines (HDSL). 

When driving the input of high-resolution A/D converters, the 
CLC5602 provides excellent —-87/-95dBc second/third har- 
monic distortion (Ay=+2, Vour=2Vpp, f= 1MHz, Ry =1kQ) and 
fast settling time. 


Output Voltage (Voo) 


Features 


@ 130mA output current 


Connection Diagram 





DS015000-3 


Pinout 
DIP & SOIC 


2-81 





DS015000-1 
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CLC5602 


Typical Application 





DS015000-2 


~ Recommended Inverting Gain Configuration 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial - e Marking Drawing 
8-pin plastic DIP -40°C to +85°C a CLC5602IN NO8E . 


8-pin plastic SOIC | -40°C to +85°C CLC5602IM - MO8A 
CLC5602IMX | 
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National Semiconductor 


CLC5612 


Dual, High Output, Programmable Gain Buffer 


® 0.15%, 0.02” differential gain, phase 
1.5mA/ch supply current 

9OMHz bandwidth (Ay = +2) 
-87/-93dBc HD2/HD3 (1MHz) 

17ns settling to 0.05% 

290V/us slew rate 

Stable for capacitive loads up to 1000pf 
Single 5V to +5V supplies 


General Description 


The CLC5612 is a dual, low-cost, high-speed (90MHz) buffer 
which features user-programmable gains of +2, +1, and -1V/ 
V. The CLC5612 also has a new output stage that delivers 
high output drive current (1830mA), but consumes minimal 
quiescent supply current (1.5mA/ch) from a single 5V supply. 
Its current feedback architecture, fabricated in an advanced 
complementary bipolar process, maintains consistent perfor- 
mance over a wide range of gains and signal levels, and has 
a linear-phase response up to one half of the —3dB fre- 
quency. 

The CLC5612 offers 0.1dB gain flatness to 18MHz and dif- 
ferential gain and phase errors of 0.15% and 0.02°. These 
features are ideal for professional and consumer video appli- 
cations. 

The CLC5612 offers superior dynamic performance with a 
90MHz small-signal bandwidth, 290V/us slew rate and 6.2ns 
rise/fall times (2Vstep). The combination of low quiescent 
power, high output current drive, and high-speed perfor- 
mance make the CLC5612 well suited for many battery- 
powered personal communication/computing systems. 

The ability to drive low-impedance, highly capacitive loads, 
makes the CLC5612 ideal for single ended cable applica- 
tions. It also drives low impedance loads with minimum dis- 
tortion. The CLC5612 will drive a 100Q load with only -74/ 
~86dBc second/third harmonic distortion (Aj=+2, Vour=2V pp; 
f=1MHz). With a 25Q load, and the same conditions, it pro- 
duces only -70/-67dBc second/third harmonic distortion. It is 
also optimized for driving high currents into single-ended 
transformers and coils. 

When driving the input of high-resolution A/D converters, the 
CLC5612 provides excellent —-87/-93dBc second/third har- 
monic distortion (Aj=+2, Voy, f=_1MHz, RLp=1kQ) and fast 
settling time. 


Features 


m 130mA output current 
Connection Diagram 


OUT1 
~IN4 


+IN1] 3) 


~Voc 


Applications 

m Video line driver 

Coaxial cable driver. 

Twisted pair driver 

Transformer/coil driver 

High capacitive load driver 
Portable/battery-powered applications 
A/D driver 


Pinout 
DIP & SOIC 


2-83 


Output Voltage (Vip) 





DS015001-3 


Maximum Output Voltage vs. R, 


10 





DS015001-1 
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Typical Application — 


CLC5612 





DS015001-2 


Differential Line Driver with Load Impedance Conversion 


Ordering Information 


Package Temperature Range _ Packaging NSC 
Industrial Marking Drawing 


8-pin plastic DIP ~ ~40°C to +85°C CLC5612IN NO8E 
8-pin plastic SOIC | -40°C to 485°C CLC5612IM ~ MO8A 
| CLC5612IMX | 
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CLC5622 


National Semiconductor 


Dual, High Output, Video Amplifier 


General Description 


The National CLC5622 has a new output stage that delivers 
high output drive current (130mA), but consumes minimal 
quiescent supply current (8.0mA/ch) from a single 5V supply. 
Its current feedback architecture, fabricated in an advanced 
complementary bipolar process, maintains consistent perfor- 
mance over a wide range of gains and signal levels, and has 
a linear-phase response up to one half of the -3dB fre- 
quency. 

The CLC5622 offers 0.1dB gain flatness to 30MHz and dif- 
ferential gain and phase errors of 0.05% and 0.02’. These 
features are ideal for professional and consumer video appli- 
cations. 


The CLC5622 offers superior dynamic performance with a 
160MHz small-signal bandwidth, 370V/us slew rate and 
4.4ns rise/fall times (2V step). The combination of low quies- 
cent power, high output current drive, and high-speed perfor- 
mance make the CLC5622 well suited for many 
battery-powered personal communication/computing sys- 
tems. 


The ability to drive low-impedance, highly capacitive loads, 
makes the CLC5622 ideal for single ended cable applica- 
tions. It also drives low impedance loads with minimum dis- 
tortion. The CLC5622 will drive a 100Q load with only 
-95/-95dBce_ second/third harmonic distortion (A,=+2, 
Vout=2Vpp, f= 1MHz). With a 25Q load, and the same condi- 
tions, it produces only —72/—77dBc second/third harmonic 
distortion. 


The CLC5622 can also be used for driving differential-input 
step-up transformers for applications such as Asynchronous 
Digital Subscriber Lines (ADSL) or High-Bit-Rate Digital 
Subscriber Lines (HDSL). 

When driving the input of high-resolution A/D converters, the 
CLC5622 provides excellent —90/-97dBc second/third har- 
monic distortion (A,=+2, Vour=2Vpp, f= 1MHz, RL=1kQ) and 
fast settling time. 


Features 


= 130mA output current 


Connection Diagram 





™ 0.05%, 0.03" differential gain, phase 
m 3.0mA/ch supply current 
m@ 160MHz bandwidth (A,=+2) 
m —90/-97dBc HD2/HD3 (1MHz) 
m 18ns settling to 0.05% 
@ 370V/us slew rate 

m Stable for capacitive loads up to 1000pf 
m™ Single 5V or +5V supplies 


Applications 

Video line driver 

ADSL/HDSL driver 

Coaxial cable driver 

UTP differential line driver 
Transformer/coil driver 

High capacitive load driver 
Portable/battery-powered applications 
Differential A/D driver 


Pinout 
DIP & SOIC 


2-85 


Maximum Output Voltage vs. R, 


10 


Output Voltage (V5) 


DS015002-3 





DS015002-1 
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CLC5622 


Typical Application 





DS015002-2 


Differential Line Driver with Load Impedance Conversion — 
Ordering Information 
Package Temperature Range Packaging NSC 
industrial | Marking Drawing 
8-pin plastic DIP —40°C to +85°C CLC5622IN NO8E 


8-pin plastic SOIC -—40°C to +85°C CLC5622IM MO8A 
| CLC5622IMX | 
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CLC5623 


Triple, High Output, Video Amplifier 


0.06%, 0.06° differential gain, phase 
3.0mA/ch supply current 

148MHz bandwidth (A,=+2) 
-86/-96dBc HD2/HD3 (1MHz) 

18ns settling to 0.05% 

370V/us slew rate 

Stable for capacitive loads up to 1000pf 
Single 5V or =5V supplies 


General Description 


The CLC5623 has a new output stage that delivers high out- 
put drive current (130mA), but consumes minimal quiescent 
supply current (3.0mA/ch) from a single 5V supply. Its cur- 
rent feedback architecture, fabricated in an advanced 
complementary bipolar process, maintains consistent perfor- 
mance over a wide range of gains and signal levels, and has 
a linear-phase response up to one half of the -3dB fre- 
quency. 

The CLC5623 offers 0.1dB gain flatness to 15MHz and dif- 
ferential gain and phase errors of 0.06% and 0.06’. These 
features are ideal for professional and consumer video appli- 
cations. 


The CLC5623 offers superior dynamic performance with a 
148MHz small-signal bandwidth, 370V/us slew rate and 
4.4ns rise/fall times (2V.tep). The combination of low quies- 
cent power, high output current drive, and high-speed perfor- 
mance make the CLC5623 well suited for many battery- 
powered personal communication/computing systems. 


The ability to drive low-impedance, high capacitive loads, 
with minimum distortion, makes the CLC5623 ideal for cable 
applications. The CLC5623 will drive a 100Q load with only 
~78/-94dBc second/third harmonic distortion (A,=+2, 
Vout=2V pp f=1MHz). With a 25Q load, and the same condi- 
tions, it produces only —82/-96dBc second/third harmonic 
distortion. 


The CLC5623 can also be used for driving differential-input 
step-up transformers for applications such as Asynchronous 
Digital Subscriber Lines (ADSL) or High-Bit-Rate Digital 
Subscriber Lines (HDSL). 

When driving the input of high-resolution A/D converters, the 
CLC5623 provides excellent -86/-96dBc second/third har- 
monic distortion (Aj=+2, Vour=2Vp) f=1MHz, Rp =1kQ) and 
fast settling time. 


Features 
# 130mA output current 


Connection Diagram 





DI 


National Semiconductor 


Applications 
Video line driver 
ADSL/HDSL driver 
Coaxial cable driver 


Transformer/coil driver 

High capacitive load driver 
Portable/battery-powered applications 
Differential A/D driver 


Output Voltage (Von) 





DS015004-3 


Pinout 
P & SOIC 


2-87 


a 
| 
a 
m UTP differential line driver 
a 
|_| 
& 
a 


Maximum Output Voltage vs. R, 
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CLC5623 


Typical Application 






10m of 750, 
Coaxial Cable 





VouT 


DS015004-2 


Single Supply Cable Driver 


Ordering Information 


Package 


14-pin plastic DIP 
14-pin plastic SOIC 


www.national.com 


-40°C to +85°C CLC56232iIN 


-40°C to +85°C 


| CLC5623IM 
| CLC5623IMX 


Temperature Range Packaging NSC 
| Industrial | Marking ~ Drawing 


N14A 
M14A, B 





CLC5632 


Dual, High Output, Programmable Gain Buffer 


, 0.02° differential gain, phase 
3.0mA/ch supply current 
130MHz bandwidth (A 
—86/-96dBe HD2/HD3 (1MHz) 

17ns settling to 0.05% 

410V/us slew rate 

Stable for capacitive loads up to 1000pf 
Single 5V to +5V supplies 


General Description 


The CLC5632 is a dual, low-cost, high-speed (130MHz) 
buffer which features user-programmable gains of +2, +1, 
and -1V/V. The CLC5632 also has a new output stage that 
delivers high output drive current (130mA), but consumes 
minimal quiescent supply current (3.0mA/ch) from a single 
5V supply. Its current feedback architecture, fabricated in an 
advanced complementary bipolar process, maintains consis- 
tent performance over a wide range of gains and signal lev- 
els, and has a linear-phase response up to one half of the 
—3dB frequency. 


The CLC5632 offers 0.1dB gain flatness to 30MHz and dif- 
ferential gain and phase errors of 0.08% and 0.02’. These 
features are ideal for professional and consumer video appli- 
cations. 


The CLC5632 offers superior dynamic performance with a 
130MHz small-signal bandwidth, 410V/us slew rate and 
5.0ns rise/fall times (2V step). The combination of low quies- 
cent power, high output current drive, and high-speed perfor- 
mance make the CLC5632 well suited for many battery- 
powered personal communication/computing systems. The 
ability to drive low-impedance, highly capacitive loads, 
makes the CLC5632 ideal for single ended cable applica- 
tions. It also drives low impedance loads with minimum dis- 
tortion. The CLC5632 will drive a 100Q load with only -82/ 
-69dBc  second/third harmonic distortion (A,=+2, 
Vout=2Vpp, f=1MHz). With a 25Q load, and the same con- 
ditions, it produces only —71/-73dBc second/third harmonic 
distortion. It is also optimized for driving high currents into 
single-ended transformers and coils. When driving the input 
of high-resolution A/D converters, the CLC5632 provides ex- 
cellent —86/-96dBc second/third harmonic distortion (Ay = 
+2, Vout = 2Vpp, f = 1MHz, R, = 1kQ) and fast settling time. 


Features 


= 130mA output current 
# 0.08 


Connection Diagram 





Applications 

m Video line driver 

= Coaxial cable driver 

m= Twisted pair driver 

m= Transformer/coil driver 


Nattonal Semiconductor 


y=t2) 


™ High capacitive load driver 


m™ Portable/battery-powered applications 
m A/D driver 


Pinout 


Output Voltage (Vag) 


DS015003-3 


DIP & SOIC 


2-89 


Maximum Output Voltage vs. R, 
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www.national.com 


ZE9SD19 


CLC5632 


Typical Application 


CLC5632 Ry 





DS015003-2 


Differential Line Driver with Load Impedance Conversion 


Ordering Information 


Package Temperature Packaging Transport NSC 
Rangelndustrial Marking Media Drawing 
-40°C to +85°C 3 





~ 8-pin MDIP | CLC56321N | CLC5632IN NO8E: 
8-pin SOIC CLC5632IM |} CLC5632IM MO8A 


CLC5632IMX CLC5632IM 2.5k Units Tape 
| | and Reel | 
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CLC5633 


National Semiconductor 


Triple, High Output, Programmable Gain Buffer 


General Description 


The CLC5633 is a triple, low-cost, high-speed (130MHz) 
buffer which features user-programmable gains of +2, +1, 
and -1V/V. The CLC5633 also has a new output stage that 
delivers high output drive current (130mA/ch) from a single 
5V supply. Its current feedback architecture, fabricated in an 
advanced complementary bipolar process, maintains consis- 
tent performance over a wide range of gains and signal lev- 
els, and has a linear-phase response up to one half of the 
-3dB frequency. 


The CLC5633 offers 0.1dB gain flatness to 20MHz and dif- 
ferential gain and phase errors of 0.03% and 0.06°. These 
features area ideal for professional and consumer video ap- 
plications. 


The CLC5633 offers superior dynamic performance with a 
130MHz small-signal bandwidth, 410V/us slew rate and 
5.Ons rise/fall times (2V step). The combination of low quies- 
cent power, high output current drive, and high-speed perfor- 
mance make the CLC5633 well suited for many battery- 
powered personal communication/computing systems. 


The ability to drive low-impedance, highly capacitive loads, 
with minimum distortion makes the CLC5633 ideal for cable 
applications. The CLC5633 will drive a 100Q load with only 
-73/-92dBc second/third harmonic distortion (Ay=+2, 
Vout=2Vpp, f = 1MHz). With a 25Q load, and the same con- 
ditions, it produces only —75/-75dBe second/third harmonic 
distortion. It is also optimized for driving high currents into 
single-ended transformers and coils. 


When driving the input of high-resolution A/D converters, the 
CLC5633 provides excellent —92/-96dBc second/third har- 
monic distortion (Ay=+2, Vout = 2Vppp, f = 1MHz, R, = 
1kQ) and fast settling time. 


Features 
@ 130mA output current 
B 0.03%, 0.06° differential gain, phase 


Connection Diagram 


@ 3.0mA/ch supply current 

@ 130MHZz bandwidth (A,=+2) 

m -—92/—96dBc HD2/HD3 (1MHz) 

™ 20ns settling to 0.05% 

m 410V/us slew rate 

m™ Stable for capacitive loads up to 1000pf 
m Single 5V to +5V supplies 


Applications 


m™ Video line driver 

= Coaxial cable driver 

m= Twisted pair driver 

= Transformer/coil driver 

m™ High capacitive load driver 

m™ Portable/battery-powered applications 
m A/D driver 


Maximum Output Voltage vs. R, 
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Output Voltage (V,5) 


DS015005-1 





DI 


DS015005-3 


Pinout 
P & SOIC 
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CLC5633 


Typical Appli 


cation 


CLC5633 








10m of 750 
Coaxial Cable 


DS015005-2 ° 


Single Supply Cable Driver 


Ordering Information 


Temperature Range Packaging 
. Industrial Marking 


“40°C to+85C0. CLOS56331N 


Package 


14-pin plastic DIP 
14-pin plastic SOIC 
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-40°C to +85°C 


- 2-92 


CLC5633IM 
CLC5633IMX 


NSC 
Drawing 
N14A 

M14A, M14B 
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CLC5644 
Low-Power, Low-Cost, Quad Operational Amplifier 


1000 V/us slew rate 

2.5mA/channel supply current 
—72/-79dBc HD2/HD3 (5MHz) 
0.04%, 0.07° differential gain, phase 
70mA output current 

16ns settling to 0.1% 





General Description 


The CLC5644 is a quad, current feedback operational ampli- 
fier that is perfect for many cost-sensitive applications that 
require high performance, especially when power dissipation 
is critical. Not only does the CLC5644 offer excellent 
economy in board space, but has an excellent performance 
vs power tradeoff which yields a 170MHz Small Signal Band- 
width while dissipating only 25mW. Applications requiring Applications 
significant density of high speed devices such as video rout- 
ers, matrix switches and high-order active filters will benefit 
from the configuration of the CLC5644 and the low 
channel-to-channel crosstalk of 76dB at 1MHz. 


The CLC5644 provides excellent performance for video ap- 
plications. Differential gain and phase of 0.04% and 0.07° 
makes this device well suited for many professional compos- # /wisted pair driver/receiver 
ite video systems, but consumer applications will also be 
able to take advantage of these features due to the device’s 
low cost. The CLC5644 offers superior dynamic perfor- 
mance with a small signal bandwidth of 170MHz and slew 
rate of 1000V/us. These attributes are well suited for many 
component video applications such as driving RGB signals 
down significant lengths of cable. These and many other ap- 
plications can also take advantage of the 0.1dB flatness to 
25MHz. 


Combining wide bandwidth with low cost makes the 
CLC5644 an attractive option for active filters. SAW filters 
are often used in IF filters in the 10’s of MHz range, but 
higher order filters designed around a quad operational am- CT TTH! Ay = +10 LNT | 
plifier may offer an economical alternative to the typical SAW maul Ry = 2490. TTT | 
approach and offer greater freedom in the selection of filter 

parameters. National Semiconductor's Comlinear Products 1M 10M 100M 
Group has published a wide array of literature on active fil- Peaueney (uz) 

ters and a list of these publications can be found on the last DS015009-1 
page of this datasheet. 


m™ Portable equipment 

m Video switchers & routers 
m Video line driver 

= Active filters 

= IF amplifier 


Non-Inverting Frequency Response 


Vo = 0.25 Vg, III a wer 


aa Passi 


Ay = +5 


rT = +3 
rt —1*-= «9° PVT 


Normalized Magnitude (0.5 dB/div) 





Features 
m@ 170MHz smail signal bandwidth 


Connection Diagram 





DS015009-4 


Pinout 
DIP & SOIC 
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CLC5644 


Typical Configurations 


Voc 


6.8 wF 


0.1 uF 








+ 
1/4 


CLC5644 D Vout 






DS015009-2 


OD Vout 





0.1 pF 


+ 
V 
ee 6.8 pF 
VEE 


Note: Rp provides DC bias for the non-inverting input. Select R; to yield desired Rin = PR, |! Rg. 
Inverting Gain 





DS015009-3 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Marking Drawing 


14-pin plastic DIP —40°C to +85°C CLC5644IN ~N1I4A_sC 
14-pin plastic SOIC —40°C to +85°C ‘ CLC5644IM M14A, M14B 
_ CLC5644IMX 
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CLC5654 
Very High-Speed, Low-Cost, Quad Operational Amplifier 


2000 V/us slew rate 

5mA/channel supply current 
—71/-82dBc HD2/HD3 (5MHz) 
0.03%, 0.03° differential gain, phase 
70mA output current 

12ns settling to 0.1% 





General Description 


The CLC5654 is a quad, current feedback operational ampli- 
fier that is perfect for many cost-sensitive applications that 
require high performance. This device also offers excellent 
economy in board space and power, consuming only 5mA 
per amplifier while providing 70mA of output current capabil- 
ity. Applications requiring significant density of high speed 
devices such as video routers, matrix switches and Applications 
high-order active filters will benefit from the configuration of 
the CLC5654 and the low channel-to-channel crosstalk of 
70dB at 5MHz. 


The CLC5654 provides excellent performance for video ap- 
plications. Differential gain and phase of 0.03% and 0.03° 
makes this device well suited for many professional compos- 
ite video systems, but consumer applications will also be 
able to take advantage of these features due to the device’s 
low cost. The CLC5654 offers superior dynamic perfor- 
mance with a small signal bandwidth of 450MHz and slew 
rate of 2000V/us. These attributes are well suited for many 
component video applications such as driving RGB signals 
down significant lengths of cable. These and many other ap- 
plications can also take advantage of the 0.1dB flatness to 
40MHz. 


Combining wide bandwidth with low cost makes the 
CLC5654 an attractive option for active filters. SAW filters 
are often used in IF filters in the 10’s of MHz range, but 
higher order filters designed around a quad operational am- 
plifier may offer an economical alternative to the typical SAW 
approach and offer greater freedom in the selection of filter 
parameters. National Semiconductors Comlinear Products 
Group has published a wide array of literature on active fil- 'M 10M 100M 
ters and a list of these publications can be found on the last Frequency (HZ) 

page of this datasheet. DS015010-1 


High performance RGB video 
Video switchers & routers 
Video line driver 

Active filters 

IF amplifier 

Twisted pair driver/receiver 


Non-Inverting Frequency Response 


V, =0.25V,, milli Ry as 


il i 
CAAA 


Normalized Magnitude (0.5 dB/div) 





Features 
@ 450MHZz small signal bandwidth 


Connection Diagram 





DS015010-4 


Pinout 
DIP & SOIC 
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Typical Configurations 


CLC5654 


V 
CC 6.8 uF 
+ 






V R 
Oo _ ae Lo 
Voc oy eB EE 


in g 


DS015010-2 


Non-Inverting Gain 


Ordering Information 


Package 


14-pin plastic DIP 
14-pin plastic SOIC 
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6.8 uF 


R 
—2 =A aa 8 VEE 


DS015010-3 


Note: Rp provides DC bias for the non-inverting input: Select R; to yield 
desired Rin = Rt Il Ro. 


Inverting Gain 


Temperature Range _— Packaging NSC 
5 Industrial Marking Drawing 


-40°C to +85°C CLC5654IN . N14A 


-40°C to +85°C CLC5654IM 
: CLC5654IMX 


M14A, M14B 





CLC5665 


National Semiconductor 


Low Distortion Amplifier with Disable 


General Description 


The CLC5665 is a low-cost, wideband amplifier that provides 
very low 2nd and 3rd harmonic distortion at 1MHz 
(-89/-92dBc). The great slew rate of 1800V/ps, bandwidth 
of 9OMHz (A,=+1) and fast disable make it an excellent 
choice for many high speed multiplexing applications. Like 
all current feedback op amps, the CLC5665 allows the fre- 
quency response to be optimized (or adjusted) by the selec- 
tion of the feedback resistor. For demanding video applica- 
tions, the 0.1 dB bandwidth to 20MHz and differential 
gain/phase of 0.05%/0.05° make the CLC5665 the preferred 
component for broadcast quality NTSC and PAL video sys- 
tems. 

The large voltage swing (28V,,) , continuous output current 
(85mA) and slew rate (1800V/us) provide high-fidelity signal 
conditioning for applications such as CCDs, transmission 
lines and low impedance circuits. 

XDSL, video distribution, multimedia and general purpose 
applications will benefit from the CLC5665’s wide bandwidth 
and disable feature. Power is reduced and the output be- 
comes a high impedance when disabled. The wide gain 
range of the CLC5665 makes this general purpose op amp 
an improved solution for circuits such as active filters, 
differential-to-single-ended drivers, DAC transimpedance 
amplifiers and MOSFET drivers. 


Features 

= 0.1dB gain flatness to 20MHz (A =+2) 
B 90MHz bandwidth (Aj=+1) 

@ Large signal BW 25MHz 

m 1800V/us slew rate 

@ 0.05%/0.05° differential gain/phase 

m +5V, +15V or single supplies 


Connection Diagram 





Not Connected 


2-97 


™ 200ns disable to high-impedance output 
m Wide gain range 

m@ —89/-92dBc HD2/HD3 (R, =500Q 

m Low cost 


Applications 
xDSL driver 

Twisted pair driver 
Cable driver 

Video distribution 
CCD clock driver 

= Multimedia systems 
DAC output buffers 
Imaging systems 


Non-Inverting Frequency Response 


Magnitude (1 dB/div) _ 
Phase (°) 





Frequency (MHz) 


DS015015-1 


DS015015-3 


Pinout 
DIP & SOIC 
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CLC5665 


tag 






Typical Application 


Ordering Information 


Package 


8-pin plastic DIP. 
8-pin plastic SOIC 


www.national.com 
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on 
| Cx XO R. 


DS015015-2 


Differential Line Driver for xDSL 


Temperature Range Packaging 
industrial Marking 


“40Cto+85C..—~™” CLCS5665IN 


~40°C to +85°C ~ CLC56651M 
~ CLC5665IMX 
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NSC 
Drawing 
NO8E 
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CLC5801 
High Speed Low Noise Voltage Feedback Amplifier 


General Description Features 


The CLC5801 is a low-cost, wideband voltage feedback (T, = 25°C, Vs = +5V, R, = 100Q Typical unless specified). 
amplifier excellent for low noise applications. It combines 420MHz, -3dB bandwidth (Ay = 10) 
a wide_bandwidth of 420MHz with very low noise 2nVN HZ input voltage noise 
(2nVNV Hz, 1.8pANHZ) and low DC errors (100UV Vos) 1.8pA\/HZ input current noise 
making it an excellent precision high speed op amp offering 100uV input offset voltage 
closed-loop gains of = 10. 

- 300V/uUs slew rate 
The CLC5801 employs a traditional voltage-feedback topol- 16mA supply current 
ogy and provides all the benefits of balanced inputs, such as aie 
low offsets and drifts, as well as 96dB open-loop gain, 95dB 18ns settling time 
CMRR and a 90dB PSRR. Providing a wide 420MHz band- ‘ ; 
width at a gain of Ay = 10, a fast 300V/us slew rate, the Applications 
CLC5801 is well suited for wide band active filters and low —™ Ultrasound preamplifier 





noise loop filters for PLLs. = CD-ROM preamplifer 
The low noise, wide gain-bandwidth, high slew rate and low —m _Photo-diode transimpedance-amplifier 
DC errors enable applications such as medical diagnostic ul- = Low-noise loop filters for PLLs 


trasound, magnetic tape and disk storage, communications High-performance receivers 
and optoelectronics that require maximum high-frequency 
signal-to-noise ratios. Low noise and offset make the 
CLC5801 and ideal preamplifier for CD-ROMs and receiv- 


= ADC preamplifier 





ers. Equivalent Input Noise 

The CLC5801 consumes 16mA of supply current and can be 100 ->»~— 4 10 

used in either dual 5V systems or single supply applications. See Rs Se 

It can easily drive a 100Q load to within 1.6V of either rail. ee aoe Gee eee ele 

The CLC5801 is available in both SOIC-8 and the tiny = erie ae] E 

SOT23-5. > a ~~ 
8 10 —— ee 1.0 2 
2 — 2 
D ee & 
Bs Voltage e 
S o 


de ; 
100 1k 10k 100k 1M 10M 100M 


Frequency (Hz) 
DS$101307-1 


Connection Diagrams 


5-Pin SOT23-5 8-Pin SOIC 





DS101307-2 DS101307-3 


Top View Top View 
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CLC5801 


Ordering Information 


Package Part Number | Packaging | Transport Media - NSC 
Marking Drawing 


8-pin SOIC CLC5801IM CLC5801IM | Rails |S MO8A 
CLC5801IMX CLC58011M 2.5k Tape and Reel — . 
5-pin SOT23-5 . CLCS5801IM5, A50A : 1k Units Tape and Reel. MFO5A | - 
























CLC5801IM5X _ A50A 3k Units Tape and Reel 
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208S019 


CLC5802 
Dual Low-Noise, Voltage Feedback Op Amp 


General Description Features 


The CLC5802 is a dual op amp that offers a traditional (T, = 25°C, Vs = £5V, R, = 100Q, Typical unless specified). 


voltage-feedback topology featuring unity-gain stability. Low Wide unity-gain bandwidth: 140MHz 
noise and very low harmonic distortion combine to form a Ultra-low noise: 4nVVHz , 2pAWHz 


. 
a 

very wide dynamic-range op amp that operates within a sy | ow distortion: -69/-66dBc (5MHz) 
a 
a 
a 





power supply tanga :0 OV lO12y. Settling time: 18ns to 0.1% 

TACHI tink gat banana oi avew iow nna valece; Cc etn oe 
Z unity- wi input voltage 

noise density (4nvV Hz ). Low 2nd/3rd harmonic distortion pupply WO tage Tenge: ew lOrney. 

(-69/—66dBc) as well as high channel-to-channel isolation : F 

(-61dB) make the CLC5802 a perfect wide dynamic-range Applications 

amplifier for I/Q channels and other application which require General purpose dual op amp 

low distortion and matching. With its fast and accurate set- Low noise active filters 

tling (18ns to 0.1%), the CLC5802 is also a excellent choice Low noise integrators 

for nescie el o range, anti-aliasing filters to buffer the in- High-speed detectors 

uts of hi-resolution analog-to-digital converters. Combinin cope a 

the CLC5802 two sigptiy-ineiched amplifiers in a ane Eirevensout HEHUMenanon eee 

eight-pin SOIC reduces cost and board space for many com- V Q ehanne! amplifiers a 

posite amplifier applications such as active filters, differential Driver/receiver for transmission systems 

line drivers/receivers, fast peak detectors and instrumenta- 


tion amplifiers. Equivalent Input Noise 


10 —TJ Torco oom 1° 
HH 
<TH all 

IX 


PET PCE Hl 
NHI LL 
PANU LLTPH vettage ii] 

“NCTA to 
IN 
ELH NLTE can 


100 1000 
ae (Hz) 






vious 







Input Voltage Noise (nV/V Hz) 
Input Current Noise (pA/V Hz) 





DS101341-16 


Typical Application 


Full Duplex Transmission 


Coax Cable 





DS101341-28 
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CLC5802 


Connection Diagram 


8-Pin SOIC 


Vout | | 8 +Ve¢ 
Vey MicceD 

Ve wien | L6IV. 2 

Vi ccaee 


DS101341-2 







“Veco L 


Top View 


Ordering Information 


Package Part Number _ Packaging Transport Media NSC 
cael ice = lee 
Spinsoie | __—cLcsecam | —cicssoam | ——sRals, ~—=SS—«|S«MOBA 
Sasi ene ee eae ee 
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LM6121/LM6221/LM6321 
High Speed Buffer 


General Description 


These high speed unity gain buffers slew at 800 V/us and 
have a small signal bandwidth of 50 MHz while driving a 50Q 
load. They can drive +300 mA peak and do not oscillate 
while driving large capacitive loads. The LM6121 family are 
monolithic ICs which offer performance similar to the 
LHOO002 with the additional features of current limit and ther- 
mal shutdown. 


These buffers are built with National’s VIP™ (Vertically Inte- 
grated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high speed 
performance without the need for complex and expensive di- 
electric isolation. 


Simplified Schematic 


National Semiconductor 


Features 


High slew rate: 800 V/us 

Wide bandwidth: 50 MHz 

Slew rate and bandwidth 100% tested 
Peak output current: +300 mA 

High input impedance: 5 MQ 
LHO002H pin compatible 

No oscillations with capacitive loads 
5V to +15V operation guaranteed 
Current and thermal limiting 

Fully specified to drive 50Q lines 


Applications 


Line Driving 
Radar 
Sonar 





Numbers in ( ) are for 8-pin N DIP. 
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(8) 


DS009223-1 
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LCESINT/LCCOIN T/L CLOW 





LMG6121/LM6221/LM6321 


Connection Diagrams 


Plastic DIP 


*V= l 8 \=* 
2 7 
VIN : “| > rc . Vout 
N/C V+ 
Ve 4 3 \=* 


DS009223-2 
*Heat-sinking pins. See Application section on heat sinking requirements. . 
Order Number LM6221N, 
LM6321N or LM6121J/883 


See NS Package 
Number JO8A or NO8E 


Metal Can 





DS009223-3 
Note: Pin 6 connected to case. 
Top View 
Order Number LM6221H or 
LM6121H/883 
See NS Package 
Number H0O8C 


Plastic SO 


H/s** 
H/s** 
OUTPUT 
V+ 

N/C 
H/s** 
H/s** 





DS009223-7 
*Pin 3 must be connected to the negative supply. 
*“Heat-sinking pins. See Application section on heat-sinking requirements. 
These pins are at V~ potential. 
Order Number LM6321M 
See NS Package Number M14A 


www.national.com 2-104 


National Semiconductor 


LM6161/LM6261/LM6361 


High Speed Operational Amplifier 


General Description 


The LM6161 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V/ys and 
50 MHz unity gain stability with only 5 mA of supply current. 
Further power savings and application convenience are pos- 
sible by taking advantage of the wide dynamic range in oper- 
ating supply voltage which extends ali the way down to +5V. 


These amplifiers are built with National’s VIP™ (Vertically In- 
tegrated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high speed 
performance without the need for complex and expensive di- 
electric isolation. 


Features 
m High slew rate 300 V/us 


Connection Diagrams 


10-Lead Flatpak 


LM6161W 





DS009057-13 


See NS Package Number W10A 


Ordering Information 





Temperature Range 
Military Industrial 
-55°C < T, < +125°C -25°C < T, < +85°C 






LM6161WG/883 
5962-8962101XA 





5962-8962101HA 








: Package NSC 
Commercial Drawing 
0°C <T, <+70°C 
LM6261N LM6361N 8-Pin NO8E 
ee eee ee 
LM6161J/883 LM6361J 8-Pin JO8A 
poems | || meme | 
LM6261M LM6361M 8-Pin Molded MO8A 
ee ee ee eo 
10-Lead WG10A 
| connie | 


LOSS T/LOCSINT/LOLSINT 


@ High unity gain freq 50 MHz 
m Low supply current 5 mA 

m Fast settling 120 ns to 0.1% 

= Low differential gain <0.1% 

m Low differential phase 0.1° 

Wide supply range 4.75V to 32V 
m= Stable with unlimited capacitive load 
m Well behaved; easy to apply 


Applications 

= Video amplifier 

m@ High-frequency filter 

m Wide-bandwidth signal conditioning 
m Radar 

m™ Sonar 


Vos 
Adjust V+ Vout  N/C 





Vos INV NI \= 
Adjust input — input 
DS009057-5 
See NS Package Number JO8A, 
NO8E or MO8A 






10-Pin W10A 
Ceramic Flatpak 
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LM6162 


AY national Semiconductor 


LM6162 a 
High Speed Operational Amplifier 


General Description ® High gain-bandwidth product: 100 MHz 


The LM6162 family of high-speed amplifiers exhibits an ex- ; ee see pnb , ue 0496. 
cellent speed-power product, delivering 300 V/us and ; g ee wee 
100 MHz gain-bandwidth product (stable for gains as low as Low differential gain: =<0.1% 

+2 or -1) with only 5 mA of supply current. Further power ™ Low differential phase: <0.1" 
savings and application convenience are possible by taking ™ Wide supply range: 4.75V to 32V 
advantage of the wide dynamic range in operating supply ™ Stable with unlimited capacitive load 
voltage which extends all the way down to +5V. = Well behaved; easy to apply 


These amplifiers are built with National’s VIP™ (Vertically In- 
tegrated PNP) process which provides fast transistors that Applications 
are true complements to the already fast NPN devices. This 
advanced junction-isolated process delivers high speed per- 
formance without the need for complex and expensive di- 
electric isolation. 


m Video amplifier 

= Wide-bandwidth signal conditioning for image 
processing (FAX, scanners, laser printers) 

m Hard disk drive preamplifier 

m= Error amplifier for high-speed switching regulator 


Features 
m™ High slew rate: 300 V/us | 


Connection Diagrams 


Vos 
Adjust V+ Your -N/C 


10-Pin Ceramic Flatpak 





NCCT le Tt NC 
Vos ADJUST Vos ADJUST 
INV INPUTC———J__ LM6162W V+ 
NON-INV INPUT | VouTPuT 
V- rT __JNC 
. | DS011061-15 Vos INV NI v- 
Top View. Adjust input input 
See NS Package Number Wi0A anes 


See NS Package Number NO8E or JO8A 
Ordering Information 
Military Industrial Commercial 
-55°C < T, < +125°C -25°C < T, < +85°C 0°C < T, < +70°C 
ween | SSC*dSCC“‘(S™CW#C#dé‘@ Pin Molded IP ——=«(;=CNOE_| 
LM6162J/883 8-Pin Ceramic DIP JO8A 
sown | | ee | 
LM6162WG/883 10-Lead Ceramic SOIC WG10A 
LM6162W/883 rl lti‘ OH 10-Pin Ceramic Flatpak 











Drawing 












5962-9216501HA 
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National Semiconductor 


LM6164/LM6264/LM6364 
High Speed Operational Amplifier 


General Description | Features 

High slew rate: 300 V/us 

High GBW product: 175 MHz 

Low supply current: 5 mA 

Fast settling: 100 ns to 0.1% 

Low differential gain: <0.1% 

Low differential phase: <0.1° 
Wide supply range: 4.75V to 32V 
Stable with unlimited capacitive load 


The LM6164 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300V per ys and 
175 MHz GBW (stable down to gains as low as +5) with only 
5 mA of supply current. Further power savings and applica- 
tion convenience are possible by taking advantage of the 
wide dynamic range in operating supply voltage which ex- 
tends all the way down to +5V. 
These amplifiers are built with National’s VIP™ (Vertically In- 
tegrated PNP) process which produces fast PNP transistors 
that are true complements to the already fast NPN. devices. . . 
This advanced junction-isolated process delivers high speed Applications 
performance without the need for complex and expensive di- mm Video amplifier 
electric isolation. m Wide-bandwidth signal conditioning 
m Radar 
m Sonar 


Connection Diagrams 


Vos 10-Lead Flatpak 
Adjust V+  Vour N/C 






NC 


INV INPUTC TT  soxLM6164W eed Vt 


DS009153-15 


Top View 
NS Package Number W10A 





Adjust input — input 
DSO0RISE# « 
NS Package Number 
JO8A, MO8A or NO8E 


Ordering Information 













Temperature Range Package NSC 
Military Industrial Commercial Drawing 


8-Pin Ceramic DIP JO8A 
5962-8962401PA 


ee te LM6364M 8-Pin Molded Surface Mt. | MO8A 


LM6164WG/883 10-Lead Ceramic SOIC WG10A 
5962-8962401XA 


LM6164J/883 





LM6164W/883 10-Pin W10A 
Ceramic Flatpak 


5962-8962401HA 
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VIESIN T/P9COINT/POLSIN] 


LM6165/LM6265/LM6365. 


AY national Semiconductor 


LM6165/LM6265/LM6365 
High Speed Operational Amplifier 


General Description | Features 


The LM6165 family of high-speed amplifiers exhibits an ex- ™@ High slew rate: 300 V/us 
cellent speed-power product in delivering 300 V/us and High GBW product: 725 MHz 
725 MHz GBW (stable for gains as low as +25) with only = Low supply current: 5 mA 
5 mA of supply current. Further power savings and applica- —_ Fast settling: 80 ns to 0.1% 
tion convenience are possible by taking advantage of the | ow differential gain: <0.1% 
wide dynamic range in operating supply voltage which ex- 
tends all the way down to +5V. 
These amplifiers are built with National’s VIP™ (Vertically In- 
tegrated PNP) process which produces fast PNP transistors 
that are true complements to the already fast NPN devices. r . 
This advanced junction-isolated process delivers high speed Applications 
performance without the need for complex and expensive di- mm Video amplifier 
electric isolation. 7 . m Wide-bandwidth signal conditioning 
m Radar 
m Sonar 


m Low differential phase: <0.1° 
m Wide supply range: 4.75V to 32V 
@ Stable with unlimited capacitive load 


Connection Diagrams 


V 
Adjust ve Your -N/C 
10-Lead Flatpak 


Top View 


LM6i65W FoI V+ 





DS009152-14 Vos INV NI \= 
Adjust input input 
Order Number LM6165W/883 bs009152-8 
See NS Package Number W10A Order Number LM6165/883 


See NS Package Number JO8A 
Order Number LM6365M 
See NS Package Number M08A 
Order Number LM6265N or LM6365N 
See NS Package Number NO8E 


Ordering Information 












NSC 
Drawing 








Temperature Range 


Package 
Military | Industrial Commercial 
-55°C <T, < +125°C -25°C < T, < +85°C 0°;C < T, < +70°C | | | | 
LM6265N LM6365N : 8-Pin 
a a 
LM6165J/883 -8-Pin JO8A 
swowsesoen | | cameo | 
. LM6365M 8-Pin Molded MO08A 
ee ee ee ee 
LM6165WG/883 10-Lead WG10A 
woes | 


LM6165W883 10-Pin W10A 7 
5962-8962501HA Ceramic Flatpak | | 
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AY vational Semiconductor 


LM6171 
High Speed Low Power Low Distortion Voltage Feedback 2 
Amplifier 


General Description Features 


The LM6171 is a high speed unity-gain stable voltage feed- (Typical Unless Otherwise Noted) 
back amplifier. It offers a high slew rate of 3600V/us anda = Easy-To-Use Voltage Feedback Topology 
unity-gain bandwidth of 100 MHz while consuming only 2.5 Very High Slew Rate: 3600V/us 


mA of supply current. The LM6171 has very impressive AC wide Unity-Gain-Bandwidth Product: 100 MHz 
and DC performance which is a great benefit for highspeed 3 dB Frequency @ Ay = +2: 62 MHz 
= y = +2: 


signal processing and meee applications. | | m Low Supply Current: 2.5 mA 
The +15V power supplies allow for large signal swings and = High CMRR: 110 dB 
give greater dynamic range and signal-to-noise ratio. The ' 
LM6171 has high output current drive, low SFDR and THD, = High Open Loop Gain: 90 dB 
ideal for ADC/DAC systems. The LM6171 is specified for ™% Specified for +15V and +5V Operation 
+5V operation for portable applications. ; i 
The LM6171 is built on National's advanced VIP™ 111 (Ver: Applications 
Cally Integrated PNP) complementary bipolar process. = Multimedia Broadcast Systems 

@ Line Drivers, Switchers 

m Video Amplifiers 

m NTSC, PAL® and SECAM Systems 

m ADC/DAC Buffers 

m HDTV Amplifiers 

m Pulse Amplifiers and Peak Detectors 

m@ Instrumentation Amplifier 

= Active Filters 


Typical Performance Characteristics 


Closed Loop Frequency Response Large Signal 
vs Supply Voltage (Ay = +1) Pulse Response 
Ay = +1, Vs = +15 














om com 
ao ae 
— 2° 
c > 
& a 
Oo 
— 
=) 
a. 
kt 
> 
rs) 
Frequency (Hz) TIME (20 ns/div) 
DS012336-5 DS012336-9 
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Connection Diagram 


LM6171 


8-Pin DIP/SO 





DS012336-1 


Top View 
Ordering Information 


Package ; . 
Industrial : 
-40°C to +85°C 








Transport 










NSC 
Media 
8-Pin LM6171AIN — 
Small Outline ine a 
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National Semiconductor 





LM6172 
Dual High Speed, Low Power, Low Distortion, Voltage 2 
Feedback Amplifiers 


General Description Features 


The LM6172 is a dual high speed voltage feedback amplifier. | (Typical Unless Otherwise Noted) 

It is unity-gain stable and provides excellent DC andAC per-—_ ™ Easy to Use Voltage Feedback Topology 
formance. With 100 MHz unity-gain bandwidth, 3000V/Us =m High Slew Rate 3000V/us 

slew rate and 50 mA of output current per channel, the Wide Unity-Gain Bandwidth 100 MHz 
LM6172 offers high performance in dual amplifiers; yet it 
only consumes 2.3 mA of supply current each channel. 
The LM6172 operates on +15V power supply for systems 
requiring large voltage swings, such as ADSL, scanners and 
ultrasound equipment. It is also specified at +5V power sup- = si 
ply for low voltage applications such as portable video sys- Applications 

tems. Scanner I-to-V Converters 

The LM6172 is built with National’s advanced VIP™ III (Ver- ADSL/HDSL Drivers 

tically Integrated PNP) complementary bipolar process. See Multimedia Broadcast Systems 

the LM6171 datasheet for a single amplifier with these same Video Amplifiers 

features. NTSC, PAL® and SECAM Systems 
ADC/DAC Buffers 


= Low Supply Current 2.3 mA/Channel 
@ High Output Current 50 mA/channel 
™ Specified for +15V and +5V Operation 


Pulse Amplifiers and Peak Detectors 


LM6172 Driving Capacitive Load 





7 C, =150 pF 
5V/idiv§ 


TEK P6204 
FET Probe 





DS012581-44 


5V/div = 
| =1000 pF 


DS012581-50 


Connection Diagram 


8-Pin DIP/SO 


OUTPUT A 







INVERTING 2 
INPUT A OUTPUT B 
NON-INVERTING 3 6 |NVERTING 
INPUT A INPUT B 


2 NON-INVERTING 
INPUT B 


DS012581-1 


Top View 
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LM6172 


Ordering Information 














Package Temperature Range 
Industrial Military 
-40°C to +85°C -55°C to +125°C 











Transport 









NSC | 
Drawing 
8-Pin.CDIP ~-LM6172AMJ-QML 5962-95604 | Rails —|_—-JOBA 


10-Pin Ceramic LM6172AMWG-QML 5962-95604 Trays | WG10A — 
SOIC | mea 


LM6172IMX Pe“ Tape and Reel 







8-Pin LM6172IM 
Small Outline 
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National Semiconductor 


LM6181 
100 mA, 100 MHz Current Feedback Amplifier 


General Description Features 


The LM6181 current-feedback amplifier offers an unparal- (Typical unless otherwise noted) 

leled combination of bandwidth, slew-rate, and output cur-  Slewrate: 2000 V/us 

rent. The amplifier can directly drive up to 100 pF capacitive ™ Settling time (0.1%): 50 ns 

loads without oscillating and a 10V signal into a 50Q or 75Q sw Characterized for supply ranges: +5V and +15V 
back-terminated coax cable system over the full industrial 
temperature range. This represents a radical enhancement 
in output drive capability for an 8-pin DIP high-speed ampli- 
fier making it ideal for video applications. 

Built on National’s advanced high-speed VIP™ I! (Vertically 
Integrated PNP) process, the LM6181 employs current- 
feedback providing bandwidth that does not vary dramati- : : 
cally with gain; 100 MHz at Ay = -1, 60 MHz atA, = -10. Applications 
With a slew rate of 2000V/Us, 2nd harmonic distortion of -50 Coax cable driver 
dBc at 10 MHz and settling time of 50 ns (0.1%) the LM6181 Video amplifier 
dynamic performance makes it ideal for data acquisition, Flash ADC buffer 
high speed ATE, and precision pulse amplifier applications. High frequency filter 


Scanner and Imaging systems 





Low differential gain and phase error: 0.05%, 0.04’ 
High output drive: +10V into 100Q 

Guaranteed bandwidth and slew rate 

Improved performance over EL2020, OP160, AD844, 
LT1223 and HA5004 


Typical Application 






500 500 CABLE 


Vout 


Vin 
(2V/div) 


DS011328-1 


Cable Driver 


Vout 
(2V/div) 





TIME (50ns/div) 


DS011328-2 
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LM6182 


National Semiconductor 


LM6182 | 


Dual 100 mA Output, 100 MHz Current Feedback 


Amplifier 


General Description 


The LM6182 dual current feedback amplifier offers an unpar- 


| alleled combination of bandwidth, slew-rate, and output cur- 


rent. Each amplifier can directly drive a 2V signal into a 50Q 
or 75Q back-terminated coax cable system over the full in- 
dustrial temperature range. This represents a radical en- 
hancement in output drive capability for a dual 8-pin 
high-speed amplifier making it ideal for video applications. 
Built on National’s advanced high-speed VIP II™ (Vertically 
Integrated PNP) process, the LM6182 employs 
current-feedback providing bandwidth that does not vary 
dramatically with gain; 100 MHz at Av = -1, 60 MHz at Av = 
-—10. With a slew rate of 2000 V/usec, 2nd harmonic distor- 
tion of -50 dBc at 10 MHz and settling time of 50 ns (0.1%), 
the two independent amplifiers of the LM6182 offer perfor- 
mance that is ideal for data acquisition, high-speed ATE, and 
precision pulse amplifier applications. 

See the LM6181 data sheet for a single amplifier with these 
same features. 


Typical Application 


1/2 LM6182 


Vin 


8200, 


Video Cable 


(0.5V/DIV) | 


VOUT § 
(0.5V/DIV) § 


www.national.com 





Features 


(Typical unless otherwise noted) 

m Slew Rate: 2000 V/us 

Closed Loop Bandwidth: 100 MHz 
Settling Time (0.1%): 50ns 

Low Differential Gain and Phase Error: 
R, = 150Q 

Low Offset Voitage: 2 mV 

High Output Drive: +10V into 150Q 
Characterized for Supply Ranges: +5V and +15V > 
Improved Performance over OP260 and LT1229 


0.05%, 0.04” 


Applications 

Coax Cable Driver 

Professional Studio Video Equipment 
Flash ADC Buffer 

PC and Workstation Video Boards 
Facsimile and Imaging Systems 






75.0 Cable 


Vout 





Driver 


DS011926-1 








DS011926-2 


2-114 


Connection Diagrams 


cSLOWT 





Dual-In-Line Package (J) Small Outline Package (M) 
x yO Vo * 
INVERTING INPUT OUTPUT 
NON-INVERTING INPUT N/C 
ae v* 
N/C N/C 
NON-INVERTING INPUT N/C 
INVERTING INPUT OUTPUT 
* = = * 
DS011926-51 V V 
Order Number LM6182AMJ/883 DS011926-4 
See NS Package Number J14A *Heat Sinking Pins (Note 3) 


Order Number LM6182iM or LM6182AIM 
See NS Package Number M16A 


Dual-iIn-Line Package (N) 
OUTPUT A y* 
INVERTING INPUT A OUTPUT B 
NON-INVERTING INPUT A INVERTING INPUT B 


NON-INVERTING INPUT B 





DS011926-3 


Order Number LM6182!N, LM6182AIN or LM6182AMN 
See NS Package Number NO8E 
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LM7121 


National Semiconductor 


235 MHz Tiny Low Power Voltage Feedback Amplifier — 


General Description 


The LM7121 is a high performance operational amplifier 


LM7121IM5X MAO5A A03A 


Features 


(Typical unless otherwise noted) Vg = +15V — 


2-116 © 


which addresses the increasing AC performance needs of m Easy to use voltage feedback topology 
video and imaging applications, and the size and power con- —sm Stable with unlimited capacitive loads | 
straints of portable applications. m Tiny SOT23-5 package —typical circuit layout takes half 
The LM7121 can operate over a wide dynamic range of sup- the space of SO-8 designs 
ply voltages, from 5V (single supply) up to +15V (see the Ap- sm Unity gain frequency: 175 MHz 
plication Information section for more details). It offers anex- Bandwidth (-3 dB, Ay = +1, R, = 1009): 235 MHz 
- cellent speed-power product delivering 1300V/us and 235 a law (ate: 1300V/ : 
MHz Bandwidth (—3 dB, Ay = +1). Another key feature of this Sical Volt S Bs 8: 5V to £15V 
operational amplifier is stability while driving unlimited ca- ™ sees = eee pee 2 
pacitive loads. ae zn ie e See eey 
rT] + 
Due to its Tiny SOT23-5 package, the LM7121 is ideal for as mee oa we A . 5 3 ny 
designs where space and weight are the critical parameters. ONSHP PI Cres renal) 
The benefits of the Tiny package are evident in small por- : . 
table electronic devices, such as cameras, and PC video Applications 
cards. Tiny amplifiers are so small that they can be placed wm Scanners, color fax, digital copiers 
anywhere on a board close to the signal source or near the =m PC video cards 
input to an A/D converter. = Cable drivers 
m Digital cameras 
= ADC/DAC buffers 
m Set-top boxes 
Connection Diagrams 
8-Pin SO-8 5-Pin SOT23 
NC = SNC OUTPUT — Zany? 
INVERTING INPUT Ly r 
NON-INVERTING _3 6 v 
INPUT OUTPUT 
yo 2 Ne NON-INVERTING 3 4 INVERTING 
INPUT INPUT 
DS012348-2 DS012348-1 
Top View Top View 
Ordering Information 
Package Ordering Information NSC Drawing Package Supplied As 
Number Marking | 
8-Pin SO-8 LM71211M MO8A LM7121IM Rails 
LM7121IMX MO8A LM7121IM 2.5k Tape and Reel 
5-Pin SOT23-5 LM7121IM5 MAO5A A03A 1k Tape and Reel 


3k Tape and Reel 





LM7131 


National Semiconductor 


Tiny High Speed Single Supply Operational Amplifier 


General Description 


The LM7131 is a high speed bipolar operational amplifier 
available in a tiny SOT23-5 package. This makes the 
LM7131 ideal for space and weight critical designs. Single 
supply voltages of 3V and 5V provides good video perfor- 
mance, wide bandwidth, low distortion, and high PSRR and 
CMRR. This makes the amplifier an excellent choice for 
desktop and portable video and computing applications. The 
amplifier is supplied in surface mount 8-pin and _ tiny 
SOT23-5 packages. 


Tiny amplifiers are so small they can be placed anywhere on 
a board close to the signal source or next to an A-to-D input. 
Good high speed performance at low voltage makes the 
LM7131 a preferred part for battery powered designs. 


Features 


m Tiny SOT23-5 package saves space-typical circuit 
layouts take half the space of SO-8 designs. 


Connection Diagrams 


8-Pin SO-8 
nc 4 BNC 
INVERTING INPUT 4 bye 
3 6 
NON-INVERTING 
NEI OUTPUT 
Vi NC 
DS012313-1 
Top View 


Ordering Information 







Package 


8-Pin SO-8 
8-Pin SO-8 
8-Pin SO-8 
8-Pin SO-8 
5-Pin SOT 23-5 
5-Pin SOT 23-5 
5-Pin SOT 23-5 
5-Pin SOT 23-5 


LM7131ACM 







Guaranteed specs at 3V, 5V, and +5V supplies 

Typical supply current 7.0 mA at 5V, 6.5 mA at 3V 

4V output swing with +5V single supply 

Typical total harmonic distortion of 0.1% at 4 MHz 

70 MHz Gain-Bandwidth Product 

90 MHz -3 dB bandwidth at 3V and 5V, Gain = +1 
Designed to drive popular video A/D converters 

40 mA output can drive 50Q loads 

Differential gain and phase 0.25% and 0.75° at Ay = +2 


Applications 


Ordering NSC Drawing Package Supplied as 
Information Number Marking 
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Driving video A/D converters 

Video output for portable computers and PDAs 
Desktop teleconferencing 

High fidelity digital audio 

Video cards 


5-Pin SOT23-5 


5 
output ~ V+ 
(32 
NON-INVERTING 3 4 
INPUT ogee 


DS012313-2 


Top View 
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LM7171 


National Semiconductor 


Very High Speed, High Output Current, Voltage 


Feedback Amplifier 


General Description 


The LM7171 is a high speed voltage feedback amplifier that 


has the slewing characteristic of a current feedback ampli- 
fier; yet it can be used in all traditional voltage feedback am- 
plifier configurations. The LM7171 is stable for gains as low 
as +2 or -1. It provides a very high slew rate at 4100V/us 
and a wide unity-gain bandwidth of 200 MHz while consum- 
ing only 6.5 mA of supply current. It is ideal for video and 
high speed signal processing applications such as HDSL 
and pulse amplifiers. With 100 mA output current, the 
LM7171 can be used for video distribution, as a transformer 
driver or as a laser diode driver. 


Operation on +15V power supplies allows for large signal 


swings and provides greater dynamic range and 
signal-to-noise ratio. The LM7171 offers low SFDR and 


~ THD, ideal for ADC/DAC systems. In addition, the LM7171 is 


specified for +5V operation for portable applications. 
The LM7171 is built on National’s advanced VIP™ Ill (Verti- 


cally integrated PNP) complementary bipolar process. 
Features | 
(Typical Unless Otherwise Noted) — 


Typical Performance 


Large Signal Pulse Response 
Ay = +2, Vs = £15V 














OUTPUT (5V/div) 























TIME (20 ns/div) 
DS012385-1 


Easy-To-Use Voltage Feedback Topology 
Very High Slew Rate: 4100V/us 

Wide Unity-Gain Bandwidth: 200 MHz 
-3 dB Frequency @ Ay = +2: 220 MHz 
Low Supply Current: 6.5 mA. 

High Open Loop Gain: 85 dB 

High Output Current: 100 mA 
Differential Gain and Phase: 0.01%, 0.02° » 
Specified for £15V and +5V Operation 


Applications 

HDSL and ADSL Drivers 

Multimedia Broadcast Systems 
Professional Video Cameras 

Video Amplifiers _ | 
Copiers/Scanners/Fax 

HDTV Amplifiers 

Pulse Amplifiers and Peak Detectors 
CATV/Fiber Optics Signal Processing 


Connection Diagrams 


8-Pin DIP/SO 


OUTPUT 
N/C 





DS012385-2 


Top View 


16-Pin Wide Body SO 





DS012385-3 


Top View 
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Ordering Information 


Package Temperature Range Transport NSC 
Industrial Military Media Drawing 
-40°C to +85°C -55°C to +125°C 


8-Pin DIP LM7171AIN, LM7171BIN aa 


8-Pin CDIP LM7171AMJ-QML 5962-95536 JO8A 
LM7171AMJ-QMLV 


LZELZINT 








SOIC LM7171AMWG-QMLV 
oo 


16-Pin LM7171AIWM, LM7171BIWM Fo Raails | MB 
small Outine — 


LM7171AWMX, LM7171BWMX Tape and Reel 
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The 8-Bit COP8 Family: Optimized for Value 


AY vational Semiconductor 


The 8-Bit COP8™ Family: 
Optimized for Value 


CPU/Instruction Set Features 


10 MHz, 15 MHz or 20 MHz from 10 MHz oscillator 


0.5, 0.67, or 71 Us instruction cycle time 


Up to 14 multi-sourced vectored interrupt eowlieng: each 
interrupt source with independent vector 


Versatile and easy to use instruction set 

8-bit stack pointer (SP)— (Stack in RAM) 

Two 8-bit register indirect memory pointers (B,X) 

High code efficiency with majority of instructions being 
single byte/single cycle (77%) 

True bit manipulation 

BCD arithmetic instructions 


Peripheral Features (Vary by 
Device) 


On-chip Flash up to 32 kbytes 

On-chip ROM from 768 bytes to 32 kbytes 
On-chip OTP EPROM up to 32 kbytes 
On-chip RAM from 64 to 1 kbytes 

On-chip EEPROM up to 512 bytes 

Virtual EEPROM on Flash devices 


Up to three 16-bit multi-function timers, each with two 
16-bit registers supporting 


— Processor independent PWM mode 

— External event counter mode 

— Input capture mode 

Idle timer 

Multi-Input Wakeup (up to 8 wakeup pins) with optional 
interrupts (8) 

Full duplex USART 

CAN interface 

A/D (8 or 10 bit) 

Analog function block with single-scope A/D capability 
Analog comparators 

WATCHDOG™ and clock monitor logic 
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MICROWIRE/PLUS™ serial I/O 
Brown out detection | 
Power-On-Reset . 
Multiply/Divide function 


I/O Features 


Memory mapped I/O 
Software selectable |/O 
— TRI-STATE® outputs 
— Push-Pull outputs 

— Weak Pull-Up input 
— High impedance input 
Schmitt trigger inputs 
High current outputs 


Pin efficient (i.e., 40 pins in 44-pin package are devoted 
to useful I/O) 


Packing: 

16 to 68 pins 

SOIC, DIP, PLCC, and QFP 
Chip-Scale and uSMD 


ray Static CMOS 


Low current drain (typically < 1 pA in HALT) 
Two power saving modes: HALT and IDLE 
Single supply operation: 2.3V to 6.0V 


Temperature ranges: 0°C to +70°C, -40°C to +85°C, and 
~—55°C to +125°C 


Development Support 


Eraseable, OTP and Flash devices 


Real time emulation and full program debug offered by 
MetaLink Development System 


Development Support (continued) 


An Example of COP888 Block Diagram (COP8SAx7) 


HC 8 BIT CORE 
MODIFIED HARVARD 
ARCHITECTURE 





ILLEGAL 
COND 
DETECT 








1/0 PORTS 


pote tet sti| 


WATCH 
DOG 





MS000073-3 


Embedded Control: Practical Solutions to Real Problems 


Microcontrollers have played an important role in the semi- 
conductor industry for quite some time. Unlike microproces- 
sors, which typically address a range of more computation 
intensive, general purpose applications, microcontrollers are 
based on a central processing unit, data memory and input/ 
output circuitry that are designed primarily for specific, single 
function applications. 


During the 1970s, microcontrollers were initially used in 
simple applications such as calculators and digital watches, 
but the combination of decreasing costs and increasing inte- 
gration and performance has created many new application 
opportunities over the years. Even as the bulk of application 
growth occurs in the 8-bit arena, the same issues that sys- 
tem designers were concerned with in the 4-bit world con- 
tinue in force today. These include cost/performance 
tradeoffs, low power and low voltage capabilities, time to 
market, space/pin efficiency, and ease of design. 


¢ Cost/Performance. A price difference of just a few pen- 
nies can be the gating factor in today’s 8-bit design deci- 
sions. Manufacturers must offer a wide range of cost/ 
performance options in order to meet customer 
demands. 


¢ Low Power and Low Voltage. The increasing range of 
mobile and/or battery-powered applications is placing a 
premium on low-power, low-voltage, CMOS and BiCMOS 
embedded control solutions. 


¢ Time to Market. The microcontroller’s architecture, func- 
tionality, and feature set have a major influence on prod- 
uct design cycles in today’s competitive market, with its 
shrinking windows of opportunity. 


e Space/Pin Efficiency. Real estate and board configura- 
tion considerations demand maximum space and I/O pin 
efficiency, particularly given today’s high integration and 
small product form factors. 


e Ease of Design. A familiar and easy to use application 
design environment— including complete development 
tool support—is one of the driving factors affecting to- 
day’s 8-bit microcontroller design decisions. 

All of these issues must be considered when searching for 

the appropriate 8-bit microcontroller to meet specific applica- 

tion needs. 
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National Semiconductor has been a prominent player in the 
worldwide microcontroller market, and its COP8 family of 
products spans today’s range of applications, providing cus- 
tomers with a wealth of options at every price/performance 
point in the 8-bit microcontroller market. 


Designers can select from a variety of building blocks cen- 
tered around a common memory-mapped core and modified 
Harvard architecture. These building blocks include ROM, 
RAM, user programmable memory, USART, comparator, 
A/D, and 1/O functions. 


The COP8 family incorporates 0.5/0.67/1 us instruction cycle 
times, WATCHDOG and clock monitors, multi-input wake up 
circuitry and National’s MICROWIRE/PLUS interface. In ad- 
dition, National’s COP8 microcontrollers are available in a 
wide variety of temperature range configurations from —55°C 
through +125°C — optimizing them for rugged industrial and 
military applications. 


COP8 Benefits 


The COP8 family provides designers with a number of fea- 
tures that result in substantial benefits. These include a 
code-efficient instruction set, low power/voltage features, ef- 
ficient !1/O, a flexible and configurable design methodology, 
robust design tools, and electromagnetic interference (EMI) 
control. 


The COP8 family’s compact, efficient and easy-to-program 
instruction set enables designers to reduce time to market 
for their products. Thanks to the instruction set, efficient 
ROM utilization lowers costs while providing the opportunity 
to integrate additional functionality on-chip. Low voltage op- 
eration, low current drain, multi-input wakeup and several 
power saving modes reduce power consumption for today’s 
increasing range of handheld, battery-driven applications. An 
array of user-friendly development tools—including hard- 
ware from MetaLink, and state-of-the-industry assemblers, 
and C compilers help design engineers save valuable devel- 
opment time. 


National’s Configurable Controller Methodology (CCM) for 
the COP8 family creates “whole products” that are bug-free, 
fully tested and characterized, and supported by a range of 
documentation and hardware/software tools. National devel- 
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The 8-Bit COP8 Family: Optimized for Value 


COP8 Benefits (Continued) 


oped CCM because the majority of customer requests for 
new products have typically called for reconfigurations of ex- 
isting proven blocks—such as RAM, ROM, timers, com- 
parators, USARTs, and I/O. 


EMI Reduction Technology 


COP8 products incorporate circuitry that guards against 
electromagnetic interference —an increasing problem in to- 
days microcontroller board designs. National’s patented EMI 
reduction technology offers low EMI clock circuitry, 
EMl-optimized pinouts, gradual turn-on outputs (GTO), and 
on-chip choke device to help customers circumvent many of 
the EMI issues influencing embedded control designs. 


In-System Programming And 
Virtual EEPROM 


TheFlash based devices include a program in a boot ROM 
that provides the capability, through the MICROWIRE/PLUS 
serial interface, to erase, program and read the contents of 
the Flash memory. 


Additional routines are included in the boot ROM, which can 
be called by the user program, to enable the user to custom- 
ize the in system software update capability if MICROWIRE/ 
PLUS is not desired. 


Additional functions will copy blocks of data between the 
RAM and the Flash Memory. These functions provide a vir- 
tual EEPROM capability by allowing the user to emulate a 
variable amount of EEPROM by initializing nonvolatile vari- 

ables from the Flash Memory and occasionally restoring 
these variables to the Flash Memory. 


The contents of the boot ROM have been defined by Na- 
tional. Execution of code from the boot ROM is dependent 
on the state of the FLEX bit in the Option Register on exit 
from RESET. If the FLEX bit is a zero, the Flash Memory is 
assumed to be empty and execution from the boot ROM be- 
gins. : 


Dual Clock And Clock Doubler 


Some devices include a versatile clocking system and two 
oscillator circuits designed to drive a crystal or ceramic reso- 
nator. The primary oscillator operates at. high speed up to 
10 MHz. The secondary oscillator is optimized for operation 
at 32.768 kHz. 


The user can, through specified transition sequences, switch 
execution between the high speed and low speed oscillators. 
The unused oscillator can then be turned off to minimize 
power dissipation. If the low speed oscillator is not used, the 
pins are available as general purpose bidirectional ports. 


The operation of the CPU will use a clock at twice the fre- 
quency of the selected oscillator (up to 20 MHz for high 
speed operation and 65.536 kHz for low speed operation). 


True In-System Emulation 


On-chip emulation capability has been added to Flash based 
devices which allows the user to perform true in-system 
emulation using final production boards and devices. This 
simplifies testing and evaluation of software in real environ- 
mental conditions. The user, merely by providing for a stan- 
dard connector which can be bypassed by jumpers on the fi- 
nal application board, can provide for software and hardware 
debugging using actual production units. 
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Core Architecture 


All COP8 devices use a modified Harvard architecture, 
which means that program memory and data memory are 
accessed separately using independent address/data 
buses. This type of architecture offers the advantage of 
faster operation because the next instruction can be fetched 
from program memory while the current data memory trans- 
fer operation is carried out. The COP8 architecture is a 
“modified” Harvard version because data tables can be ac- 
cessed from program memory by using a special instruction, 
Load Accumulator Indirect (LAID). 


The core CPU has an 8-bit accumulator (A), a 15-bit pro- 
gram counter (PC), two 8-bit data pointers (B and X), an 8-bit 
stack pointer (SP), an 8-bit processor status word (PSW), an 
8-bit control register (CNTRL), and a_= bank of 
general-purpose 8-bit registers. All RAM, I/O ports, and reg- 
isters (except for the accumulator and program counter) are 
mapped into the data memory address space. 


The COP8 device communicates with other devices through 
several configurable I/O ports or through the MICROWIRE/ 
PLUS serial I/O interface. The I/O ports are designated by 
letter names such as Port C, Port D, Port G, Port |, and Port 
L. The number of ports and port pins vary with the device 
type and package type. 


All COP8 devices have at least one 16-bit, general-purpose 
timer that can be programmed to operate in any of three 
modes: Pulse Width Modulation (PWM), external event 
counter, or input capture mode. Many COP8 devices have 
two or more of these timers and/or special-purpose timers 
such as the IDLE mode timer. 


Peripheral Blocks 


Several different on-chip peripheral devices are available in 
different COP8 devices, with multiple peripherals available in 
some versions of COP8 devices. Some of the peripheral 
blocks available are: 


¢ Comparator 
¢ Analog-to-Digital Converter 


e Universal Synchronous/Asynchronous 
Transmitter (USART) 


¢ Controller Area Network (CAN) Interface 
¢ Hardware Multiply/Divide 


Typically, the inputs and outputs of the peripherals are “alter- 
nate functions” of the programmable I/O ports of the COP8 
device. In other words, the port pins can be programmed to 
operate as general-purpose inputs and outputs or as 
special-purpose inputs and outputs for the ecpponee periph- 
eral device. 


~ Receiver/ 


Instruction Set 


The COP8 offers a powerful and efficient instruction set. 
Most instructions are one byte long and take one instruction 
cycle to execute, resulting in compact, efficient programs. 
Several single-byte instructions are available that carry out 
multiple operations. For example, the single-byte DRSZ in- 
struction decrements a specified register and skips the next 
instruction if the result is zero. 


The instruction set offers a variety of addressing fiedee: For 
reading or writing data, the device offers the following ad- 
dressing modes: direct, register B or X indirect, register B or 
X indirect with post-incrementing/decrementing, immediate, 
immediate short, and indirect from. program memory. For 


Instruction Set (Continued) 


transfer of program control, the device offers the following 
addressing modes: jump relative, jump absolute, jump abso- 
lute long, and jump indirect. 


The COP8 allows any individual bit in data memory address 
space to be set, reset, and tested, including bits in the 
memory-mapped I/O ports and registers. 


COP8 Families 


The COP8 line of 8-bit microcontrollers is divided into two 
families called the “Basic Core” and “Feature Core.” ”’The 
Basic Core devices are for lower-end, lower-cost applica- 
tions that require less memory and simpler peripheral de- 
vices; whereas the Feature Core devices are for applications 
that require more memory and more-advanced peripheral 
devices. However, both families share the same basic archi- 
tecture and basic instruction set. 


Basic Core devices have from 768 bytes to 4k bytes of ROM, 
EPROM or Flash and 64 or 128 bytes of RAM; and one 
16-bit timer. A HALT mode is available to shut down the de- 
vice during periods of inactivity. Devices typically have 20 or 
28 pins. Simple peripheral devices such as a comparator are 
offered in the family. 


Feature Core devices have from 2k to 32 kbytes of ROM and 
128 to 1 kbytes of RAM; and at least two 16-bit timers. The 
Feature instruction set offers nine additional instructions to 
support vectored interrupts, pushing/popping the stack, and 
additional types of logic operations. In addition to the HALT 
mode, another power-down mode is available called the 
IDLE mode, which allows certain time-monitoring sections to 
operate while the rest of the device is shut down. All Feature 
Core devices offer Multi-Input Wakeup, which provides sepa- 
rate inputs for edge-triggered maskable interrupts or for ex- 
iting from the HALT or IDLE mode. Devices typically have 28, 
40, or 44 pins. Advanced peripheral devices such as an A/D 
Converter, USART, and/or CAN Interface are offered in the 
family. 


One-Time Programmable (OTP) 
Devices 


All COP8 devices are supported by One-Time Program- 
mable (OTP) devices of the same or increased capability. 
OTP devices are field-programmable using standard pro- 
gramming equipment. They are useful not only for proto- 
types and limited-production runs, but for the shortest time to 
market and for the ability to quickly make revisions or correct 
bugs, OTP COP8 devices offer an attractive choice for final 
production. 


OTP COP8 devices offer low-voltage operation and program 
memory security. Security is achieved by programming a bit 
in the device that makes the program memory unreadable 
from outside the chip. 


COP8SAx7, and COP8SGx7 OTP 
Devices 


Recent additions to the COP8 Feature Family are the 
COP8SAx7 and COP8SGx7 OTP devices: the COP8SAA7, 
COP8SAB7, COP8SAC7, COP8SGE7, and COP8SGR7. 


These devices offer an unusual combination of OTP 
memory, low price, and a rich set of features: 


e Low cost 8-bit OTP microcontroller 
e Very small packaging 
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Quiet Design (low radiated emissions) 

Multi-Input Wakeup pins with optional interrupts 

1k to 32k OTP program memory 

8 bytes of user storage space in EPROM 

User selectable clock options 

Zero external component operation 

Internal Power-On Reset—user selectable 
WATCHDOG and Clock Monitor Logic—user selectable 
Up to 12 high current outputs 
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The 8-Bit COP8 Family: Optimized for Value 


COP8 Features/Benefits Analysis 


Instruction Set 


Low Power 


Efficient I/O 


Flexible/Powerful 
On-Board 
Features 


Safety/Software- 
Runaway 
Protection 


Development 
Tools 
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Key Features | ori 


Efficient Instruction Set 

(77% Single Byte/Single Cycle) 
Easy To Program ~* 
Compact Instruction Set ~ 


‘Multi Function Instructions 


Ten Addressing Modes 


Low Voltage Operation 

Lower Current Drain 

Multi-Input Wakeup 

Power Savings Modes (HALT/IDLE) 


Software Programmable I/O 
Efficient Pin Utilization 
Breadth of Available Packages 


Package Types Including Variety of Low Pin 
Count Devices 


High Current Outputs 
Schmitt Trigger Inputs 


Smart 16-Bit Timers (processor independent 
PWM) 


A/D 

Comparators 

Analog Function Block (low cost A/D) 
UART 

Multi-Input Wakeup 

Multi-Source Hardware Interrupts 
MICROWIRE/PLUS Serial Interface 


Application Specific Features (CAN, Motor Con- 
trol Timers, etc.) 


WATCHDOG 
Software Interrupt 
Clock Monitor 
Brown Out Detection 


A range of software and hardware tools options 
to meet every need and budget 





3-8 


Benefits 


Efficient ROM Utilization (compact code) | 
Low Cost Microcontroller (small ROM size) 
Fast Time To Market 


_ Lower Power Consumption for Hand Held Bat- 


tery Driven Applications 


Multiple Use of I/O Pins 


Economical Use of External Components (lower 
system cost) 


Cleaner Hardware Design 


Choice of Optimum Package Type (price/outline/ 
pinout) 


Timers Allow Less Software/Process Overhead 


for Frequency 
Measurement (capture) and PWM 


Cleaner Hardware (eliminating the need for ex- 
ternal components) — 


| Overall Cost Reduction 


No Need for External ProtectionCircuitry 


. Brown Out Detection Allows the Use of Low 


Cost Power Supply 


Saves Engineering Development Time— Fast 
Time to Market 


A) vationat Semiconductor 


ROM Products 
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COP912C 


COP912C 
8-Bit Microcontroller 


General Description 


Note: COP8SA devices are instruction set and pinout com- 
patible supersets of the COP912C devices, and are replace- 
ments for these in new designs when possible. 


The COP912C ROM based microcontrollers are integrated 
COP8(tm) Base core devices with smaller memory (768 
bytes), and fewer on-board features. These single-chip 
CMOS devices are suited for lower-functionality applications 
where system cost is of prime consideration. Pin and soft- 
ware compatible (different Vcc range) 4k/32k OTP versions 
are available (COP87LxxCJ/RJ Family). Erasable windowed 
versions are available for use with a range of COP8(tm) soft- 
ware and hardware development tools. 






Key Features 


m Lowest cost COP8 microcontroller 

m@ 16-bit multi-function timer supporting 
— PWM mode 
— External event counter mode 
— Input capture mode 

m 768 bytes of ROM 

m 64 bytes of RAM 


I/O Features 

m Memory mapped I/O 

m= Software selectable I/O options (TRI-STATE® Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 
Input) 

= Schmitt trigger inputs on Port G 

= MICROWIRE/PLUS™ Serial I/O 

m Packages: 20 DIP/SO with 16 I/O pins 


CPU/Instruction Set Features 


m Instruction cycle time of 2 us for COP912CH and 
2.5 us for COP912C 
= Three multi-sourced interrupts servicing 
— External Interrupt with selectable edge 
— Timer interrupt 
— Software interrupt 


www.national:com 


COP912C 768 ROM 64 16 20 DIP/SOIC 
COP912CH 768ROM 64 16 20 DIP/SOIC 


AY national Semiconductor 


Family features include an 8-bit memory mapped architec- 
ture, 1OMHz CKI with 2.5us(912C) or 2us(912CH) instruction 
cycle, one multi-function 16-bit timer/counter with PWM, 
MICROWIRE/PLUS(tm) serial I/O, power saving HALT 
mode, three clock modes, high current outputs, software se- 
lectable I/O options, multi-volt operation and 20 pin pack- 
ages. 


Devices included in this datasheet are: 






0 to +70°C 2.3v - 4.0v 
0 to +70°C 4.0v - 5.5v 
m= Versatile and easy to use instruction set 


= 8-bit Stack Pointer (SP) —stack in RAM 
= Two 8-bit Register Indirect Memory Pointers (B, X) 


Fully Static CMOS 

m@ Low current drain (typically < 1 pA) 

m Single supply operation: 2.3V to 4.0V or 4.0V to 5.5V 
m Temperature range: 0°C to +70°C 





Development Support 
m Emulation and OTP devices 


m Real time emulation and full program debug offered by 
MetaLink Development System 


Applications 

m Electronic keys and switches 
m Remote Control 

m= Timers 

m Alarms 

m= Small industrial control units 
m Low cost slave controllers 

m Temperature meters 

= Small domestic appliances 

m Toys and games 


Block Diagram 


ROM (768x8) 










CKI RESET Vcc GND 
RAM (64x8) | | | 
















CLOCK 
16-BIT 
TIMER/COUNTER INTERRUPT 
WITH AUTOLOAD (TIMER & 
PROG. COUNTER ADDRESS HALT & CAPTURE REG EXTERNAL) 





INSTRUCTION 
DECODER 
PORT L PORT G 


DS012060-1 
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AY vationat Semiconductor 


COP820C/840C Family 
8-Bit CMOS ROM Based Microcontrollers with 1k or 2k 
Memory 


General Description 


Note: COP8SA devices are instruction set and pinout com- 
patible supersets of the COP800C Family devices, and are 
replacements for these in new designs when possible. 


| The COP820C/840C Family ROM based microcontrollers 
are integrated COP8™ Base core devices with smaller 
memory (1k/2k), and fewer on-board features. These single- 
chip CMOS devices are suited for lower-functionality appli- 
cations where system cost is of prime consideration. Pin and 
software compatible (different Voc range) 4k/382k OTP ver- 


en 


COP820C/COP840C 





sions are available (COP87LxxCJ/RJ Family). Erasable win- 
dowed versions. are available for use with a range of COP8 
software and hardware development tools. ; 


Family features include an 8-bit memory mapped architec- 
ture, 10 Hz CKI with 1s instruction cycle, one multi-function 
16-bit timer/counter with PWM, MICROWIRE/PLUS™ serial 
I/O, power saving HALT mode, three clock modes, high cur- 
rent outputs, software selectable /O options, 2.3v-6.0v op- 
eration and 20/28 pin packages. 


Devices included in this datasheet are: 


COP620C 
COP820C 
COP920C 


COP622C 
COP822C 
COP922C 


COP640C 
COP840C 
COP940C 


COP642C 
COP842C 
COP942C 


28 DIP/SOIC 
28 DIP/SOIC 


28 DIP/SOIC 


20 DIP/SOIC 
20 DIP/SOIC 
20 DIP/SOIC 


28 DIP/SOIC 
28 DIP/SOIC 
28 DIP/SOIC 


20 DIP/SOIC 
20 DIP/SOIC 
20 DIP/SOIC 


-55 to +125° C 


-40 to +85°C _ 


0 to +70°C 


-55 to +125°C 
-40 to +85°C 
0 to +70°C 


-55 to +125°C 
-40 to +85°C 
0 to +70°C 


-55 to +125°C 
-40 to +85°C 
0 to +70°C 


4.5v - 5.5V 


2.3v-4.0v, 
CH=4.0v-6.0v 


4.5v - 5.5v 


2.3V-4.0v, 
CH=4.0v-6.0v 


4.5v - 5.5v 


2.3V-4.0v, 
CH=4.0v-6.0v 


4.5v - 5.5v 


2.3V-4.0v, 


CH=4.0v-6.0v 





Key Features — 28 DIP/SO with 24 I/O pins 


@ 16-bit multi-function timer supporting 

— PWM mode 

— External event counter mode 

— Input capture mode 
m 1024 bytes ROM/64 bytes RAM-COP820C 
m 2048 bytes ROM/128 bytes RAM-COP840C 


CPU/Instruction Set Feature 
m@ 1 us instruction cycle time 
m@ Three multi-source interrupts servicing 
— External interrupt with selectable edge 
— Timer interrupt 
— Software interrupt 
m™ Versatile and easy to use instruction set 
m 8-bit Stack point (SP)— stack in RAM 
= Two 8-bit Register Indirect Memory Pointers (B, X) 


I/O Features 
m= Memory mapped I/O 


m Software selectable !/O options (TRI-STATE® Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 


Input) | | Fully Static CMOS 


m@ Low current drain (typically < 1 yA) 

m Single supply operation: 2.5V to 6.0V 

m= Temperature range: 0°C to +70°C, —40°C to +85°C, 
-—55°C to +125°C 


High current outputs 

Schmitt trigger inputs on Port G 
MICROWIRE/PLUS serial I/O 
Packages: 

— 20 DIP/SO with 16 I/O pins 
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Fully Static CMOS (continued) ™ Real time emulation and full program debug offered by 
MetaLink’s Development System 


Development Support 


= Emulation and OTP devices 


Block Diagram 


J0V8dO9/9028d09 
















INTERRUPT 
(TIMER & 
EXTERNAL) 


TIMER/COUNTER 
WITH AUTOLOAD 
& CAPTURE REG 






ADDRESS 


SO} = MICROWIRE 
SK t 
INSTRUCTION ll ll | 
DECODER 
PORT L PORT D PORT G PORT | 


DS009103-1 


CK! RESET Vcc GND 
4 J) 4 


= e 
> =) 
a 


PROG. COUNTER 








FIGURE 1. 
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COP680C/COP681C/COP682C/COP880C/COP881 C/COP882C/COP980C/COP981 C/COP982C 


AY national Semiconductor 


COP680C/COP681C/COP682C/COP880C/COP881 C/ 
COP882C/COP980C/CO P981 C/CO P9820 


Microcontrollers 


General Description 


The COP680C/COP681C/COP682C/COP880C/COP881C 
/COP882C/COP980C/COP981C and COP982C are mem- 
bers of the COPS™ microcontroller family. They are fully 
static parts, fabricated using double-metal silicon gate mi- 
croCMOS technology.. This low cost microcontroller is a com- 
plete microcomputer containing all system timing, interrupt 
logic, ROM, RAM, and I/O necessary to implement dedi- 
cated control functions in a variety of applications. Features 
include an 8-bit memory mapped architecture, MICROWIRE/ 
PLUS™ serial I/O, a 16-bit timer/counter with capture regis- 
ter and a multi-sourced interrupt. Each I/O pin has software 
selectable options to adapt the device to the specific applica- 
tion. The part operates over a voltage range of 2.5 to 6.0V. 
High throughput is achieved with an efficient, regular instruc- 
tion set operating at a 1 microsecond per instruction rate. 


Key Features 

= — 16-bit multi-function timer supporting 
— PWM mode 
— External event counter mode 
—Input capture mode 

m 4 kbytes of ROM 

m 128 bytes of RAM 


I/O Features 

m Memory mapped I/O 

= Software selectable I/O options (TRI-STATE®, Push-Pull, 
Weak Pull-Up Input, High Impedance Input) 

m High current outputs (8 pins) 
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@ Schmitt trigger inputs on Port G 


m MICROWIRE PLUS serial I/O 
m Packages: 
—20 DIP/SO with 16 I/O pins 


" —28 DIP/SO with 24 I/O pins 


—40 DIP, 36 1/0 pins 
—44 PLCC, 36 I/O pins 


CPU/Instruction Set Features 


m 1 us instruction cycle time | 
m= Three multi-source interrupts servicing 
— External interrupt with selectable edge 
— Timer interrupt 
— Software interrupt 
m™ Versatile and easy to use instruction set: 
m 8-bit Stack Pointer (SP) —stack in RAM 
m Two 8-bit Register Indirect Data Memory Pointers 
' (B and X). 


Fully Static CMOS 


m™ Low current drain (typically < 1 yA) 

m Single supply operation: 2.5V to 6.0V 

m Temperature ranges: 0°C to 70°C, —40°C to +85°C, 
~55°C to +125°C. 


Development Support 


= Emulation and OTP devices 
m™ Real time emulation and full program debug offered by 
MetaLink’s development system 
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Block Diagram 







CKI RESET VCC GND 


128 x 8 i) i | 


CLOCK 
ADDRESS | HALT 


~ 
















16-BIT 
TIMER/COUNTER 
WITH AUTOLOAD 
& CAPTURE REG 









INTERRUPT 
(TIMER & 
EXTERNAL) 






PROG. COUNTER 


CPU 
REGISTERS 


HALT 

















SK t 
INSTRUCTION ll I ll 
DECODER 
PORT L PORT D PORT G PORT | PORT C 


DS010802-1 


FIGURE 1. 


I€86d09/9 1 86d09/9086d09/9288d09/9188d09/9088d09/9289d09/9189d09/9089d09 
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COP680C/COP681C/COP682C/COP880C/COP881 C/COP882C/COP980C/COP981 C/COP982C 


Connection Diagrams 
Dual-in-Line Package 


G4/S0 
G5/SK 
G6/SI 
G7/CKO 
CKl 


63/TIO 
G2 

G1 
GO/INT 
20-PIN RESET 
DIP/SO GND 

L7 

L6 

LS 

L4 


Voc 
LO 
L1 
L2 
L3 


1 
2 
3 
4 
5 
6 
7 
8 
9 


—. 
oO 





DS010802-23 


Top View 


Order Number COP882C-XXX/N, COP982C-XXXI/N, 


COP882C-XXX/WM, COP982C-XXX/WM, 
COP982C-XXX/N or COP982CH-XXX/WM 


Dual-In-Line Package 


oO aA nN Oo on ® WH = 





DSG10802-4 


Top View 


Order Number COP680C-XXX/N, COP880C-XXX/N, 


COP980C-XXX/N or COP980CH-XXX/N 





Dual-in-Line Package (N) 
and 28 Wide SO (WM) 


28 pin 


DIP/SO 





DS010802-5 
Top View 
Order Number COP881C-XXX/N, COP981C-XXX/N, 
COP881C-XXX/WM, COP981C-XXX/WM, 
COP981CH-XXX/N or COP981CH-XXX/WM 


Plastic Chip Carrier 


6 5 4 3 2 1 44 43 42 41 40 


18 19 20 21 22 23 24 25 26 27 28 


yy NM OF OF OF OF TF HO HO DM 
4 343 2a 2a Zz ZzHH — - 
DS010802-3 
Top View 
Order Number COP680C-XXX/V, COP880C-XXX/V, 
COP980C-XXX/V or COP980CH-XXX/V 


FIGURE 2. Connection Diagrams 
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COP820CJ/COP840Cu Family 


National Semiconductor 


8-Bit CMOS ROM Based Microcontrollers with 1k or 2k 
Memory, Comparator and Brown Out Detector 


General Description 


The COP820CJ/840CJ Family ROM based microcontrollers 
are integrated COP8™ Base core devices with 1k or 2k 
memory, an Analog comparator and Brownout detection. 
These single-chip CMOS devices are suited for lower- 
functionality applications where power and voltage fluctua- 
tions are a consideration. Pin and software compatible (no 
Brownout; different Vcc range) 4k/32k OTP versions are 
available (COP87LxxCJ/RJ Family) for pre-production, and 
for use with a range of COP8 software and hardware devel- 
opment tools. 


Family features include an 8- bit memory mapped architec- 
ture, 10MHz CKI with 1us instruction cycle, one multi- 
function 16-bit timer/counter, MICROWIRE/PLUS™ serial 
I/O, one analog comparator, power saving HALT mode, 
MIWU, on-chip R/C oscillator capacitor (COP840CJ), high 
current outputs, software selectable 1/O options, WATCH- 
DOG™ timer, modulator/timer, Brownout detector, Power on 
Reset, 2.5v-6.0v operation, and 16/20/28 pin packages. 

In this datasheet, the term COP820CU refers to packages in- 
cluding the COP820CJ, COP822CJ, and COP823CJ; and 
COP840CJ refers to COP840CJ, COP842CJ, COP940CJ, 
and COP942CJ. 


Devices included in this data sheet are: 


[eves —[ wemory ies) [RAN es) [10 ie 


COP820CJ 
COP822CJ 
COP823CJ 
COP840CJ 
COP940CJ 
COP842CJ 
COP942CJ 


Key Features 

Multi-Input Wake Up (on the 8-bit Port L) 

Brown out detector 

Analog comparator 

Modulator/timer (High speed PWM for IR transmission) 
16-bit multi-function timer supporting 

— PWM mode 

— External event counter mode 

— Input capture mode 

1024 or 2048 bytes of ROM 

64 or 128 bytes of RAM 

Quiet design (low radiated emissions) 

Integrated capacitor for the R/C oscillator for COP840CJ 


/O Features 


= Software selectable I/O options (TRI-STATE® output, 
push-pull output, weak pull-up input, high impedance 
input) 

High current outputs (8 pins) 

Packages 

— 16 SO with 12 I/O pins for COP820CJ 

— 20 DIP/SO with 16 I/O pins 

— 28 DIP/SO with 24 I/O pins 
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28 DIP/SOIC 
20 DIP/SOIC 
16 SOIC 

28 DIP/SOIC 
28 DIP/SOIC 
20 DIP/SOIC 
20 DIP/SOIC 


-40 to +85°C | 


-40 to +85°C 
-40 to +85°C 


Low EMI 
2.5V-4.5V, CJH = 4V-6V 


-40 to +85°C 
-0 to +70°C. : 
-40 to +85°C 


-0 to +70°C | 2.5V-4.5V, CJH = 4V-6V 


# Schmitt trigger inputs on Port G 
= MICROWIRE/PLUS serial /O 


CPU/Instruction Set Feature 


™ 1 Us instruction cycle time 
= Three multi-source vectored interrupts servicing 
— External interrupt with selectable edge 
— Timer interrupt 
— Software interrupt 
m 8-bit Stack Pointer (SP)—stack in RAM 
= Two 8-bit register indirect data memory pointers (B, X) 


Fully Static CMOS 
m Low current drain (typically < 1 yA) 


m@ Single supply operation: 2.5V to 6.0V 
= Temperature ranges: —0°C to +70°C and —40°C to +85°C 


Development Support 


= Emulation and OTP devices 
m= Real time emulation and full program debug offered by 
MetaLink Development System 
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COP820CJ/COP840CJ Family 


Block Diagram 


CLOCK 
HALT 
RESET 


BROWN OUT 16-BIT 


TIMER 


“INTERRUPT 1 





ILLEGAL 
COND 
DETECT 


CPU REGISTERS 


Connection Diagrams 


1 
2 
3 
4 ; 
5 
6 
7 
8 
9 





DS011208-3 


Top View 

Order Number COPCJ820-XXX/N or 
COPCJ820-XXX/M, 

Order Number COPCJ840-XXX/N or 
COPCJ840-XXX/M, 

Order Number COPCJ940-XXX/N or 
COPCJ940-XXX/M . 

See NS Package Number N28B or 

M28B 
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WATCHDOG 


seo ; OMPARATOR 
TIMER G L D | _ 
8 BITS § 8 BITS § 4 BITS 3 4 BITS 


MODULATOR/ 
TIMER 


ADDR 
REG 


2k ROM and 128 Bytes RAM for COP840CJ 


FIGURE 1. Block Diagram 


G4/SO—F 1 G63/TIO 
G5/SK—4 2 62 
66/Si—4 3 G1 
67/CKO—4 4 GO/INT 
CKl—4 5 RESET 
Voc =| 6 GND 
LO/CMPOUT 4 7 L7/MODOUT 
L1/CMPIN- == 8 L6 
L2/CMPIN+ —4 9 L5 


L3 


— 
Oo 
pass 
i 





DS011208-4 
Top View 
Order Number COPCJ822-XXX/N or 
COPCJ822-XXX/M 


- Order Number COPCJ842-XXX/N or 


COPCJ842-XXX/M 
Order Number COPCJ942-XXX/N or 
COPCJ942-XXX/M 
See NS Package Number N20A or 
M20B 


FIGURE 2. Connection Diagrams 
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MULTI 


INPUT 
WAKEUP 





DS011208-1 


1 

2 
3 
4 
5 
6 
7 
8 


DS011208-5 
Top View 
Order Number COPCJ823-XXX/WM 
See NS Package Number M16B 


COP820CJ/COP840CJ Family 
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16 
13 


i) 


ee 


MIW/U/OMPOUT 
ee ee 


MIWU/MODOUT 
INTR 


pee oe WO a 
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SK 








ALT Function 


MIWU 
WU 
WU 

MIWU 


MiwuioMPIN- [6 —~(| it 
MiW/owPiNs _|____7-[| 9 «it 


/0 


Typ. 
/0 
/O 
/O 





Connection Diagrams (Continued) 


COP820CJ/COP840CJ Pin Assignment 
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COP688CL/COP684CL, COP888CL/COP884CL, COP988CL/COP984CL 


(NV veriona Semiconductor 


CO P688CL/COP6S4CL, 


COP888CL/COP884CL, COP988CL/COP984CL 8-Bit 


Microcontroller 


General Description 


The COP888 family of microcontrollers uses an 8-bit single 


chip core architecture fabricated with National Semiconduc- . 


tors M*CMOS™ process technology. The COP888CL is a 
member of this expandable 8-bit core processor family of mi- 
crocontrollers. 


It is a fully static part, fabricated using double-metal silicon 
gate microCMOS technology. Features include an 8-bit 
memory mapped architecture, MICROWIRE/PLUS serial 
1/O, two 16-bit timer/counters supporting three modes (Pro- 
cessor Independent PWM _ generation, External Event 
counter, and Input Capture mode capabilities), and two 
power savings modes (HALT and IDLE), both with a multi- 
sourced wakeup/interrupt capability. This multi-sourced in- 
terrupt capability may also be used independent of the HALT 
or IDLE modes. Each I/O pin has software selectable con- 
figurations. The device operates over a voltage range of 
2.5V to 6V. High throughput is achieved with an efficient, 
regular instruction set operating at a maximum of 1 us per in- 
struction rate. 


Key Features 
m Two 16-bit timers, each with two 16- bit registers 
supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 
m 4 kbytes of on-chip ROM 
@ 128 bytes of on-chip RAM 


Additional Peripheral Features 

@ Idle Timer 

Multi-input Wake Up (MIWU) with optional interrupts (8) 
= WATCHDOG™ and Clock Monitor logic 

m MICROWIRE/PLUS™ serial I/O 


I/O Features 
m Memory mapped I/O 
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= Software selectable I/O options ( TRI-STATE® Output, 


Push-Pull ol Weak Pull-Up Input, High Impedance 
Input) 
@ High current tinue 
# Schmitt trigger inputs on port G 
m Packages: 
— 44 PLCC with 40 I/O pins 
— 40 DIP with 36 I/O pins 
— 28 DIP with 24 I/O pins 
— 28 SO with 24 I/O pins 


CPU/Instruction Set Feature 


m 1 us instruction cycle time 
m= Ten multi-source vectored interrupts servicing 
— External Interrupt with selectable edge 
— Idle Timer TO 
— Timers (Each with 2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS (default interrupt) 
m Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP)—stack in RAM 
m= Two 8-bit Register Indirect Data Memory Pointers (B, X) 


Fully Static CMOS 


m™ Low current drain (typically < 1 yA) 

m@ Single supply operation: 2.5V to 6.0V 

m Temperature ranges: 0°C to +70°C, —40°C to +85°C, 
—55°C to +125°C 


Development Support 


m Emulation and OTP devices 
# Real time emulation and full program debug offered by 
MetaLink Development System 
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Block Diagram 
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DS009766-1 


FIGURE 1. Block Diagram 
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COP688CL/COP684CL, COP888CL/COP884CL, COP988CL/COP984CL 


Connection Diagrams 


Plastic Chip Carrier Dual-In-Line Package 


n~ © HO FTNYNO N &§ OM N = 
oO oO 908 98 90 90 0 0 Oo Oo 8 


1 
2 
* 
4 
5 
6 
7 
8 
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DS009766-2 
Top View 
Order Number COP688CL-XXX/V, COP888CL-XXX/V, 
COP988CL-XXX/V or COP988CLH-XXX/V 
See NS Plastic Chip Package Number V44A 





DS009766-4 


Top View 
Order Number COP688CL-XXX/N, COP888CL-XXXIN, 
COP988CL-XXX/N or COP988CLH-XXX/N 
See NS Molded Package Number N40A 


Dual-In-Line Package 


28 pin 


DIP/SO 


oon DOD oO FF W NS 





DS009766-5 
Top View 
Order Number COP688CL-XXX/N, COP884CL-XXX/N, COP984CL-XXX/N or COP984CLH-XXX/N 
See NS Molded Package Number N28B 
Order Number COP684CL-XXX/WM, 
COP884CL-XXX/WM, COP984CL-XXX/WM, 
or COP984CLHXXX/WM 
See NS Surface Mount Package Number M28B 


FIGURE 2. Connection Diagrams 
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Connection Diagrams (Continued) 


Pinouts for 28-, 40- and 44-Pin Packages 


Type 28-Pin 40-Pin 44-Pin 
Pack. Pack. Pack. 
LO /O 11 17 













T2A 
T2B 


SO 
SK 
Sl 
HALT 
RESTART 


25 29 
26 30 
27 31 
28 32 
9 9 
10 10 
11 11 
12 
13 
14 
29 
30 
31 
32 
39 
40 
1 
2 





Unused (Note 1) 
Unused (Note 1) 
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COP8SE Family 


A vetionar Semiconductor 


8-Bit CMOS ROM Based and OTP Microcontrollers with | 
4k Memory and 128 Bytes EERAM 


General Description 


The COP8SEx5 Family ROM based microcontrollers are 
highly integrated COP8™ Feature core devices with 4k 
memory and advanced features including EERAM. 
COP8SER7 devices are pin and software compatible (differ- 
ent Voc range), 32k OTP (One Time Programmable) ver- 
sions for engineering development use with a range of 
COP8 software and hardware development tools. 


Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI with 1us instruction cycle, 128 ee of EE- 






4k ROM 128 






Key Features 
m 256 bytes data memory 
— 128 bytes RAM 
— 128 bytes EERAM 
#® OTP with security feature (SER7) 
™ Quiet Design (low radiated emissions) 
= Multi-Input Wakeup pins with optional interrupts (8 pins) 
m User selectable clock options: 
— R/C oscillator 
— Crystal oscillator 


Other Features 
Fully static CMOS, with low current drain 
Available with Crystal (-XE) or RC (-RE) oscillator 
Two power saving modes: HALT and IDLE 
1 us instruction cycle time 
4k bytes on-board masked ROM or 32k bytes OTP 
Single supply operation: 2.7V — 5.5V 
MICROWIRE/PLUS Serial Peripheral Interface 
Compatible 
= Nine multi-source vectored interrupts servicing 

— EERAM write complete 

— External interrupt 

— Idle Timer TO 

— One Timer (with 2 Interrupts) 

— MICROWIRE/PLUS Serial Interface 

— Multi-Input Wake Up 
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128 bytes 
128 bytes 
128 bytes 


RAM, one multi-function 16-bit timer/counter, idle timer with 
MIWU, MICROWIRE/PLUS™, serial I/O, crystal or R/C oscil- 
lator, two power saving HALT/IDLE modes, Schmitt trigger 
inputs, software selectable I/O options, WATCHDOG™ timer 
and Clock Monitor, Low EMI 2.7V to 5.5V operation, and 
16/20 pin packages. 


Devices included in this data sheet are: 


16/20 SOIC 
20 SOIC 
20 SOIC 


-40 to +85°C, -40 to +135°C 


-40 to +85°C, Engineering 
-use only 














— Software Trap 
— Default VIS 


im Idle Timer with programmable interrupt interval 


# One 16 bit timer with two 16-bit registers supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 
8-bit Stack Pointer SP (stack in RAM) 
Two 8-bit Register Indirect Data Memory Pointers 
Versatile instruction set 
True bit manipulation 
Memory mapped I/O 
BCD arithmetic instructions. 
WATCHDOG and Clock Monitor logic 
Software selectable I/O options: 
— TRI-STATE® Output: 
— Push-Pull Output 
— Weak Pull Up Input 
— High Impedance Input 
= Schmitt trigger inputs on ports G and L 
m= Temperature ranges: 
— -40°C to +85°C 
— -40°C to +135°C (SEC5 only) 
m Packaging: 16, and 20 SO (SECS); 20 SO (SER7) 
m Real time emulation and full program debug offered by 
MetaLink Development System . 
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Block Diagram 


uC 8 BIT CORE 
MODIFIED HARVARD 
ARCHITECTURE 








ILLEGAL 
COND 
DETECT 
REG + 
CPU 1 
REGISTERS ; 
Ce ee a ee ee ee a 





1/0 PORTS 
EAR ESE 


WATCH 
DOG 






4 128 














KBYTES BYTES 
ROM or RAM 

32k OTP 128 
erneM BYTES 





EERAM 


DS100973-44 


FIGURE 1. Block Diagram 


1.0 Device Description 


1.1 ARCHITECTURE 


The COP8 family is based on a modified Harvard architec- 
ture, which allows data tables to be accessed directly from 
program memory. This is very important with modern 
microcontroller-based applications, since program memory 
is usually ROM or EPROM, while data memory is usually 
RAM. Consequently data tables need to be contained in 
non-volatile memory, so they are not lost when the microcon- 
troller is powered down. Non-memory for the storage of data 
variables is provided by the EERAM in the COP8SEC5 and 
COP8SER7. In a Harvard architecture, instruction fetch and 
memory data transfers can be overlapped with a two stage 
pipeline, which allows the next instruction to be fetched from 
program memory while the current instruction is being ex- 
ecuted using data memory. This is not possible with a Von 
Neumann single-address bus architecture. 


The COP8 family supports a software stack scheme that al- 
lows the user to incorporate many subroutine calls. This ca- 
pability is important when using High Level Languages. With 
a hardware stack, the user is limited to a small fixed number 
of stack levels. 


1.2 INSTRUCTION SET 


In today’s 8-bit microcontroller application arena cost/ 
performance, flexibility and time to market are several of the 
key issues that system designers face in attempting to build 
well-engineered products that compete in the marketplace. 
Many of these issues can be addressed through the manner 
in which a microcontroller’s instruction set handles process- 
ing tasks. And that’s why the COP8 family offers a unique 
and code-efficient instruction set—one that provides the 
flexibility, functionality, reduced costs and faster time to mar- 
ket that today’s microcontroller based products require. 


Code efficiency is important because it enables designers to 
pack more on-chip functionality into less program memory 
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space (ROM/OTP). Selecting a microcontroller with less pro- 
gram memory size translates into lower system costs, and 
the added security of knowing that more code can be packed 
into the available program memory space. 


1.2.1 Key Instruction Set Features 


The COP8 family incorporates a unique combination of in- 
struction set features, which provide designers with optimum 
code efficiency and program memory utilization. 


Single Byte/Single Cycle Code Execution 


The efficiency is due to the. fact that the majority of instruc- 
tions are of the single byte variety, resulting in minimum pro- 
gram space. Because compact code does not occupy a sub- 
stantial amount of program memory space, designers can 
integrate additional features and functionality into the micro- 
controller program memory space. Also, the majority instruc- 
tions executed by the device are single cycle, resulting in 
minimum program execution time. In fact, 77% of the instruc- 
tions are single byte single cycle, providing greater code and 
I/O efficiency, and faster code execution. 


1.2.2 Many Single-Byte, Multifunction Instructions 


The COP8 instruction set utilizes many single-byte, multi- 
function instructions. This enables a single instruction to ac- 
complish multiple functions, such as DRSZ, DCOR, JID, LD 
(Load) and X (Exchange) instructions with post-incrementing 
and post-decrementing, to name just a few examples. In 
many cases, the instruction set can simultaneously execute 
as many as three functions with the same single-byte in- 
struction. 

JID: (Jump Indirect); Single byte instruction; decodes exter- 
nal events and jumps to corresponding service routines 
(analogous to “DO CASE” statements in higher level lan- 
guages). 

LAID: (Load Accumulator-Indirect); Single byte look up table 
instruction provides efficient data path from the program 
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COP8SEx 


1.0 Device Description (continued) 


memory to the CPU. This instruction can be used for table 
lookup and to read the entire program memory for checksum 
calculations. : 


RETSK: (Return Skip); Single byte instruction allows return 
from subroutine and skips next instruction. Decision to 
branch can be made in the subroutine itself, saving code. 


AUTOINC/DEC: (Auto-Increment/Auto-Decrement); These 
instructions use the two memory pointers B and X to effi- 
ciently process a block of data (analogous to “FOR NEXT” in 
higher level languages). 


1.2.3 Bit-Level Control 


Bit-level control over many of the microcontroller’s I/O ports 
provides a flexible means to ease layout concerns and save 
board space. All members of the COP8 family provide the 
ability to set, reset and test any individual bit in the data 
memory address space, including memory-mapped !/O ports 
and associated registers. 


Connection Diagrams 


G4/SO—4 1 G3/T1A 
G5/SK—4 2 G2/T1B 
G6/Si—4 3 G1/WD 
G7/CKO—4 4 GO/INT 
CKI—a5 RESET 
Veo 46 GND 
Lo—47 L3 
3 


L1 
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Top View 
Order Number COP8SEC516M 
See NS Package Number M16B 
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1.2.4 Register Set 


Three memory-mapped pointers handle register indirect ad- 
dressing and software stack pointer functions. The memory 
data pointers allow the option of post-incrementing or post- 
decrementing with the data movement instructions (LOAD/ 
EXCHANGE). And 15 memory-maped registers allow de- 
signers to optimize the precise implementation of certain 
specific instructions. 


1.3 PACKAGING/PIN EFFICIENCY 


Real estate and board configuration considerations demand 
maximum space and pin efficiency, particularly given today’s 
high integration and smail product form factors. Microcontrol- 
ler users try to avoid using large packages to get the I/O 
needed. Large packages take valuable board space and in- 
crease device cost, two trade-offs that microcontroller de- 
signs can ill afford. 


The COP8 family offers a wide range of packages and does 
not waste pins: up to 90.9% (or 40 pins in the 44-pin pack- 
age, these packages are not available on all COP8 devices) 
are devoted to useful I/O. 


G4/SO—4 1 G3/T1A 
G5/SK = 2 G2/T1B 
G6/Simq 3 G1/WD 

G7/CKO =| 4 GO/INT 
CKi—g5 RESET 
Veo 1 6 GND 
LO—47 L7 
Li-18 L6 
L2—49 =L5 
L3—4 1 L4 





DS100973-43 


Top View 
Order Number COP8SEC520M or COP8SER720M 
See NS Package Number M20B 


FIGURE 2. Connection Diagrams 


Connection Diagrams (continued) 


Pinouts for 16-, and 20-Pin Packages 


INT 
WDOUT* 
T1B 
TIA 





* G1 operation as WDOUT is controlled by Mask Option. 


2.1 Ordering Information 


COP8 XX B 7 20N 8 XXX 


B-Bit Control Oriented | ~ L_rom Code 
Processor 
Feature Indicator Temp Range: 


3 = Room Temp, 
only for lab use 





ee: 6 = Extended (-55° to +125°) 
B= 2k 7 = Automotive (-40° to +125°) 
Cr AK 8 = Industrial (-40° to +85°) 
: 2 oh 9 = Commercial (0° to +70°) 

demenytyee: Pin Count lay reckede Type: 

2 D = Ceramic DIP 
5 = ROM L = Ceramic PLCC 
6 = Mask RAM M = SOIC 
7 = OTP/EPROM N = DIP 
9 = EEPROM/FLASH Q = Windowed 
0 = ROMless Package DIP 

V =) PLCe 


DIE = Scribed Die 
DWF = Die in Wafer Form 
VEJ = 44-pin PQFP 

: DS100973-8 


FIGURE 3. Part Numbering Scheme 
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COP888FH 


(NV verional Semiconductor 


8-Bit CMOS ROM Based Microcontrollers with 12k 
Memory, Comparators, USART and Hardware 


Multiply/Divide 


General Description 


The COP888FH Family of ROM based microcontrollers are 
highly integrated COP8™ Feature core devices with 12k 
memory and advanced features including Analog compara- 
tors, and Hardware Multiply/Divide. These single-chip 
CMOS devices are suited for more complex applications re- 
quiring a full featured controller, low EMI, two comparators, a 
full-duplex USART, and hardware multiply/divide functions. 
COP87L88FH devices are pin and software compatible (dif- 
ferent Voc range) 16k OTP (One Time Programmable) ver- 
sions for pre-production , and for use with a range of COP8 
software and hardware development tools. 


Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI with ips instruction cycle, hardware 
multiply/divide functions, three multi-function 16-bit timer/ 
counters with PWM, full duplex USART, MICROWIRE/ 
PLUS™, two Analog comparators, two power saving HALT/ 
IDLE modes, MIWU, idle timer, high current outputs, 
software selectable options WATCHDOG™ and _ clock/ 
oscillator mode, low EMI 2.5V to 5.5V operation, and 28/ 
40/44 pin packages. 


Devices included in this data sheet are: 


[Device | Memory (byes) | RAM (bytes) [V0 Pins -_Pastages [Temperate | “Comenis 


COP684FH 
COP884FH 
COP984FH 


12k ROM 
12k ROM 
12k ROM 


COP688FH 
COP888FH 
COP988FH 


12k ROM 
12k ROM 
12k ROM 


Key Features 

m@ Hardware Multiply/Divide Functions 

m@ Full duplex USART 

m Three 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
~— Input Capture mode 

m™ Quiet design (low radiated emissions) 

m 12 kbytes on-board ROM 

m 512 bytes on-board RAM 


Additional Peripheral Features 

w Idie Timer 

m Multi-Input Wakeup (MIWU) with optional interrupts (8) 
m Two analog comparators 

m WATCHDOG and Clock Monitor logic 

m MICROWIRE/PLUS serial I/O 


/O Features 

m Software selectable I/O options ( TRI-STATE® , 
Push-Pull, Weak Pull-Up, and High Impedance Input) 

= Schmitt trigger inputs on ports G and L | 


m Packages: 
— 40 DIP with 36 I/O pins 
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28 DIP/SOIC 
28 DIP/SOIC 
28 DIP/SOIC 


40 DIP, 44 PLCC 
40 DIP, 44 PLCC 
40 DIP, 44 PLCC | 0 to +70°C 





-55 to +125°C | 4.5V to 5.5V 
-40 to +85°C 


0 to +70°C 2.5V to 4.0V, FHH=4.0V to 


6.0V 
-55 to +125°C | 4.5V to 5.5V 
-40 to +85°C 


2.5V to 4.0V, FHH=4.0V to 
6.0V 


— 44 PLCC with 40 I/O pins 
— 28 DIP/SO with 24 I/O pins 


CPU/Instruction Set Features 


= 1 us instruction cycle time 
m Fourteen multi-source vectored interrupts servicing 
— External Interrupt 
— Idle Timer TO 
— Three Timers (Each with 2 Interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— USART (2) 
— Default VIS (default interrupt) 
m Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP)—stack in RAM 
= Two 8-bit Register Indirect Data Memory Pointers 
(B and X) 
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©) 
Fully Static CMOS Development Support S 
m™ Low current drain (typically < 5 pA) = Emulation and OTP devices & 
m Two power saving modes: HALT and IDLE = Real time emulation and full program debug offered by “Tl 
m Single supply operation: 2.5V—5.5V MetaLink Development System - 


m™ Temperature ranges: 0°C to +70°C, 
—~40°C to +85°C 
~55°C to +125°C 


Block Diagram 





LC 8 BIT CORE 
MODIFIED HARVARD 
ARCHITECTURE 


POWER/CONTROL 


1/0 PORTS 


Pee [oo [on [rsa 
PoE Tr] Le 


WATCH 
UART COMPARATOR 








16 BIT 16 BIT 512 
TIMER TIMER BYTES 
T2 T3 RAM 









ALU 
ILLEGAL 

COND aor 
DETECT 
1 
1 
CPU REGISTERS : 
Yn i ee Sh Ue de eS ho le 


DS012602-1 


FIGURE 1. COP888FH Block Diagram 
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COP888FH 


Connection Diagrams 


Plastic Chip Carrier Dual-in-Line Package 


CKO/G7 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
= 


18 19 20 21 22 23 24 25 26 27 28 





“=~ AN MO + 1D Oo He + YN DO PR 
et ee. ES ES ORS. Ga ed wa cad 


DS012602-2 
Top View 
Order Number COP688FH-XXX/V, 
COP888FH-XXX/V or COP988FH-XXX/V 
See NS Plastic Chip Package Number V44A 





DS012602-3 


Top View Order 
Number COP688FH-XXX/N, 
COP888FH-XXX/N or COP988FH-XXX/N 
See NS Molded Package Number N40A 


Dual-in-Line Package 


G4 
G5 
G6 
CKO/G7 
CKI 


28 pin 
DIP/SO 


1 
2 
3 
4 
5 
6 
7 
8 
9 





DS012602-4 


Order Number COP684FH-XXX/M, COP884FH-XXX/M, 
COP984FH-XXX/M, COP684FH-XXX/N, 
COP884FH-XXX/N or COP984FH-XXX/N 
See NS Molded Package Number M28B or N28B 


FIGURE 2. Connection Diagrams 
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Connection Diagrams 


(Continued) 


Pinouts for 28-, 40- and 44-Pin Packages 


Pot | Type 
LO 1/0 


Pack. Pack. 
11 
12 
13 
14 


15 
16 


SO 

SK 

SI 

HALT Restart 


COMP1IN- 
COMP1IN+ 
COMP10UT 
COMP2IN- 
COMP2IN+ 
COMP20UT 
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44-Pin 
‘Pack. 
17 
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COP888xG/CS Family 


National Semiconductor 





COP888xG/CS Family 


-8-Bit CMOS ROM Based Microcontrollers with 4k to 24k 


Memory, Comparators and USART 


General Description Programmable) versions are available (COP8SGx7 Family). 
: Erasable windowed versions are available for use with a 


persets of the COP888xG/CL/CS Family devices, and are 
replacements: Tor inese 2 new: -Gesighs, ana-eesian “uy ture, 10 MHz CKI with 1us instruction cycle, three multi- 


grade Wain nur euort eee a function 16-bit  timer/counters, full-duplex USART, 
The COP888xG ROM based microcontrollers are highly inte- = \yiGROWIRE/PLUS™ serial | /O, two Analog comparators, 
grated COP8™ Feature core devices with larger memory (4k two power saving HALT/IDLE modes, idle timer, MIWU, high 
to 24k) and advanced features including two Analog com- — current outputs, software selectable /O options, WATCH- 


parators. These single-chip CMOS devices are suited for — DOG™ timer and Clock Monitor, low EMI 2.5V to 5.5V opera- 
more complex applications requiring a full featured controller tion, and 28/40/44 pin packages. 


with a range of memory sizes, low EMI (except EG), com- 
parators, and a full-duplex USART. Pin and software com- 
patible (different Voc range) 8k toor 32k OTP (One Time 


Memory 
Device Packages Temperature Comments 
| Device (bytes) od 


COP684CS 28 DIP/SOIC -55 to +125°C | 4.5V - 5.5V 


Family features include an 8-bit memory mapped architec- 


Devices included in this datasheet are: 





























COP884CS 28 DIP/SOIC -40 to +85°C 
COP984CS 28 DIP/SOIC -0 to +70°C 2.5V - 4.0V, CSH=4.0V - 6.0V 
COP688CS 40 DIP, 44 PLCC -55 to +125°C | 4.5V - 5.5V 





COP888CS 40 DIP, 44 PLCC -40 to +85°C 
COP988CS | 4k ROM 40 DIP, 44 PLCC -0 to +70°C 2.5V - 4.0V, CSH=4.0V - 6.0V 
COP884CG | 4k ROM 128 28 DIP/SOIC -40 to +85" o 2.5V - 6.0V 

oraacs |wnow [iar [sie [worsrco |aowaese |e5v-sy 
COP684EG | 4k ROM 28 DIP. SOIC -65 to +125°C | 4.5V - 5.5V 

COP884EG | 4k ROM 28 DIP, SOIC -40 to +85°C 
COP984EG | 4k ROM 28 DIP, SOIC 0 to +70°C 


COP688EG | 8k ROM 40 DIP, 44 PLCC -55 to +125°C 


COP888EG | 8k ROM 40 DIP, 44 -40 to +85°C 
PLCC/PQFP 


COP988EG | 8k ROM 40 DIP, 44 PLCC 0 to +70°C 2.5V - 4.0V, EGH=4.0 - 6.0V 


COP688GG | 16k ROM 36/40 40 DIP, 44 -55 to +125°C | 4.5V - 5.5V 
PLCC/PQFP 
PLCC/PQFP 
COP688HG | 20k ROM | 512 36/40 40 DIP, 44 PLCC -55 to +125°C | 4.5V - 5.5V 
Stee Sees SSP 
COP688KG | 24k ROM 36/40 40 DIP, 44 PLCC -55 to +125°C | 4.5V - 5.5V 
corms |sunom [sie [sow |worance [worse | 
Key Features ™ Quiet design (low radiated emissions) 


= Full duplex USART : : i et on- mee ue , 
m Three 16-bit timers, each with two 16-bit registers . ytes on-boar 












2.5V - 4.0V, EGH=4.0 - 6.0V 
4.5V - 5.5V 









































COP888GG 





supporting: oe P 

ais Processor Independent PWM mode Additional Peripheral Featu res 

— External Event counter mode g Idle Timer 

—— Input Capture mode m@ Multi-Input Wake-Up (MIWUV) with optional interrupts (8) 
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Additional Peripheral Features 
(Continued) 


= Two analog comparators (one for the CS series) 
= WATCHDOG and Clock Monitor logic 
m= MICROWIRE/PLUS serial I/O 


I/O Features 
= Memory mapped I/O 
m= Software selectable I/O options (TRI-STATE® Output, 


Push-Pull Output, Weak Pull-Up Input, High Impedance 


Input) 
m Up to 8 high current outputs 
Schmitt trigger inputs on ports G and L 
m Packages: 

— 44 PQFP with 40 I/O pins 

— 44 PLCC with 40 I/O pins 

— 40 DIP with 36 I/O pins 

— 28 DIP/SOIC with 24 I/O pins 


CPU/instruction Set Features 


m™ 1 us instruction cycle time 
m Versatile and easy to use instruction set 


m Up to fourteen multi-source vectored interrupts servicing 


Block Diagram 


pC 8 BIT CORE 
MODIFIED HARVARD 
ARCHITECTURE 





ILLEGAL 
COND 
DETECT 








— External Interrupt with selectable edge 
— Idle Timer TO 
— Three Timers (one timer for the CS series)(each with 
2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake-Up 
— Software Trap 
— USART (2) 
— Default VIS (default interrupt) 
m@ 8-bit Stack Pointer SP — (stack in RAM) 
= Two 8-bit Register Indirect Data Memory Pointers 
(B and X) 


Fully Static CMOS 


m™ Two power saving modes: HALT and IDLE 
m= Low current drain (typically <1 UA) 
m Single supply operation: 2.5V—5.5V (COP88x) 
m= Temperature ranges: 
0°C to +70°C, -—40°C to +85°C, and —55°C to +125°C 


Development Support 


m Emulation and OTP devices 
m= Real time emulation and full program debug offered by 
MetaLink’s Development System 
1/0 PORTS 


POWER/CONTROL 
PD Teter a 


yo UART COMPARATOR INPUTS 


16 BIT § 16 BIT 
TIMER TIMER 
T2 T3 















4k to 24k 
BYTES 
ROM 


512 
BYTES 
RAM 





DS012829-1 


FIGURE 1. COP888xG Block Diagram 
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COP888xG/CS Family 


Connection Diagrams 


G4/S0 
G5/SK 
G6/SI 

G7/CKO 
CKl 

Yee 

FO 

F 4 DIP/SO 

F2 

F3 

LO 

L 1 

L2 

L3 





DS012829-46 


Top View 
Order Number COP884CS-XXX/WM, 
COP984CS-XXX/WM, — 
COP984CSH-XXX/WM, COP684CS-XXX/WM, 
COP884CG-XXX/WM, 
COP884EG-XXX/WM or 
COP884CS-XXX/N, COP984CS-XXX/N, 
COP984CSH-XXX/N, COP884CG-XXX/N, 
COP884EG-XXX/N 
See NS Package Number M28B or N28A 


Plastic Chip Carrier 


~ © MO FT YON TH OM N 
oO 9 0 O08 90 970 0 O Oo Oo © 


1 44 43 42 41 40 
39 
38 
37 
36 
35 
34 


33 
32 
31 
30 


29 
18 19 20 21 22 23 24 25 26 27 28 





TI ge ee Bente eee” ee DS012829-2 
Top View 
Order Number COP688CS-XXX/V, COP888CS-XXX/V, 
COP988CS/CSH-XXX/V, COP688EG-XXX/V, 
COP888EG-XXX/V, COP988EG-XXX/V, 
COP888CG-XXX/V, 
COP688GG-XXX/V, COP888GG-XXX/V, 
COP688HG-XXX/V, COP888HG-XXX/V, 
COP688KG-XXX/V, or COP888KG-XXX/V 


See NS Package Number V44A 





Dual-In-Line Package. 


1 
2 
3 
4 
5 
6 
7 
8 
9 





DS012829-3 


Top View 


Order Number COP888CS-XXX/N, COP988CS-XXXIN, 


COP688CS-XXXIN, 
COP988CSH-XXX/N, COP888CG-XXX/N, 
COP688EG-XXX/N, COP888GG-XXXIN, 
COP688GG-XXX/N, COP888GG-XXX/N, 
COP688HG-XXX/N, COP888HG-XXX/N, 

COP688KG-XXX/N, or COP888KG-XXX/N 
See NS Package Number N40A 


(oe) fan) 

“~ —~ “< Oo <= - a 
On HH ie. 
SRNR SN “SONS 
™m~ 0 WO wF NYDN wT TOF NY N = 
oO oO O08 Oo 0 90 90 0 Oo OO © 


41 40 39°38 37 36. 
GO/INT 


RESET 
GND 
D7 

- D6 

DS 

D4 

D3 

D2 

D1 

DO 


-—clUlc cr llCU OOOUlOMOOCUMNI OO a OS 


0 
1 


12 13 14 15 16 17 18 19 20 21 22 


7 NM ~T YOR + NH OP 
] 4+ oO OO OO OC 4 4 oH 4 
DS012829-45 


Top View 
Order Number COP888EG-XXX/VEJ, 


COP688GG-XXX/VEJ, COP888GG-XXX/VEU, 


See NS Package Number VEJ44A 


FIGURE 2. Connection Diagrams 
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Connection Diagrams (Continued) 


Pinouts for 28-, 40- and 44-Pin Packages 


rot | type 
LO /O 





28-Pin 40-Pin 
DIP/SO DIP 
11 17 


SO 

SK 

S| 

HALT Restart 


COMP1IN- 
COMP1IN+ 
COMP10UT 
COMP2IN-* 
COMP2IN+* 
COMP20UT* 


Note 1: * Not available on the CS series 
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44-Pin 
PLCC 





44-Pin 
PQFP 
14 
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~ COP884BC/COP885BC 


(V vationa Semiconductor 


COP884BC/COP885BC 


8-Bit CMOS ROM Based Microcontrollers with 2k 
Memory, Comparators, and CAN Interface 


General Description 


The COP884BC ROM based microcontrollers are highly in- 
tegrated COP8™ Feature core devices with 2k memory and 
advanced features including a CAN 2.0B (passive) interface 
and two Analog comparators. These single-chip CMOS de- 
vices are suited for applications requiring a full featured con- 
troller with a CAN interface, low EMI, and an 8-bit 39 kHz 
PWM timer. COP87L84BC devices are pin and software 
compatible 16k OTP (One Time Programmable) versions for 
pre-production, and for use with a range of COP8 software 


| and hardware development tools. 


Memory (byte) 


COP684BC 
COP884BC 
COP685BC 
COP885BC 











Key Features 

m CAN 2.0B (passive) Interface 

= Power On Reset (selectable) 

m One 16-bit timer, with two 16-bit registers supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 

= High speed, constant resolution 8-bit PWM/frequency 
monitor timer with 2 output pins 

m 2048 bytes on-board ROM 

m 64 bytes on-board RAM 


Additional Peripheral Features 

m Idle Timer | 

m@ Multi-Input Wake Up (MIWU) with optional interrupts (7) 
m™ Two analog comparators 

m MICROWIRE/PLUS serial I/O 


I/O Features 

= Memory mapped I/O 

= Software selectable I/O options (TRI-STATE® Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 
Input) 

m@ Schmitt trigger inputs on ports G and L 

m Packages: 28 SO with 18 I/O pins and 20 SO with 10 
I/O pins 
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RAM (bytes) 





Features include an 8-bit memory mapped architecture, 10 
MHz CKI (crystal osc) with 1s instruction cycle, one multi- 
function 16-bit timer/counter, 8-bit 39 KHz PWM timer with 2 
outputs, CAN 2.0B (passive) interface, MICROWIRE/ 
PLUS™ serial I/O, two Analog comparators, two power sav- 
ing HALT/IDLE modes, idle timer, MIWU, software selectable 
I/O options, Power on Reset, low EMI 4.5V to 5.5V opera- 
tion, and 20/28 pin packages. 

Note: A companion device with CAN interface, more I/O and 
memory, A/D, and USART is the COP888EB. 


Devices included in this datasheet are: 


18 28 SOIC -55 to +125°C 
28 SOIC -40 to +85°C 

20 SOIC -55 to +125°C 
20 SOIC -40 to +85°C 





















CPU/Instruction Set Features 


m@ 1 us instruction cycle time 
m Eleven multi-source vectored interrupts servicing 
— External Interrupt 
— Idle Timer TO 
— Timer T1 (with 2 Interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— PWM Timer 
— CAN Interface (with 3 interrupts) 
m Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP)—stack in RAM 
m Two 8-bit Register Indirect Data Memory Pointers 
(B and X) 


Fully Static CMOS 


m Two power saving modes: HALT and IDLE 

m@ Low current drain (typically <1 yA) 

m™ Single supply operation: 4.5V—5.5V 

m= Temperature ranges: —40°C to +85°C, —-55°C to +125°C 


Development Support 


m= Emulation and OTP devices | 
m Real time emulation and full program debug offered by 
MetaLink Development Systems 
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Block Diagram 
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FIGURE 1. Block Diagram 
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COP884BC/COP885BC 


Connection Diagrams 


L5/CMP2IN-/PWM 1 
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Top View 


Order Number COP884BC-xxx/WM or 


L5/CMP2IN-/PWM 1 
L6/CMP20UT/ 
PWMO/CAPTIN 


COP684BC-xxx/WM 
See NS Package Number M28B 
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Order Number COP885BC-xxx/WM or 
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COP685BC-xxx/WM 
See NS Package Number M20B 


FIGURE 2. Connection Diagrams 
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Pinouts for 28-SO Package 


CMP1IN+/MIWU 
CMP1IN-/MIWU 
| CMP10UT/MIWU 
CMP2IN-/MIWU 
CMP2IN+/MIWU 


CMP2IN-/PWM1/MIWU 


CMP20UT/PWMO0/ 
CAPTIN/MIWU 





Note 1: The MIWU function for the CAN interface is internal (see CAN inter- 
face block diagram) 


National Semiconductor 


COP888EB 


8-Bit CMOS ROM Based Microcontrollers with 8k 
Memory, CAN Interface, 8-Bit A/D, and USART 


General Description 


The COP888EB ROM based microcontrollers are highly in- 
tegrated COP8™ Feature core devices with 8k memory and 
advanced features including a CAN 2.0B (passive) interface, 
A/D and USART. These single-chip CMOS devices are 
suited for applications requiring a full featured controller with 
a CAN interface, low EMI, and versatile communications in- 
terfaces. COP87L8EB/RB devices are pin and software 
compatible 16k or 32k OTP (One Time Programmable) ver- 
sions for pre-production, and for use with a range of COP8 
software and hardware development tools. 





COP688EB 192 
COP888EB 
COP689EB 
COP889EB 









Key Features 

CAN bus interface, with Software Power save mode 
8-bit A/D Converter with 8 channels 

Fully buffered USART 

Multi-input wake up (MIWU) on both Port L and M 
SPI Compatible Master/Slave Interface 

Quiet Design (Low Radiated Emissions) 

8096 bytes of on-board ROM 

192 bytes of on-board RAM 


Additional Peripheral Features 


= Idle timer (programmable) 

= Two 16-bit timer, with two 16-bit registers supporting 
— Processor independent PWM mode 

— External Event counter mode 

— Input capture mode 

WATCHDOG and Clock Monitor 
MICROWIRE/PLUS serial I/O 


I/O Features 
= Software selectable I/O options (TRI-STATE® outputs, 
Push pull outputs, Weak pull up input, High impedance 
input) 
@ Schmitt trigger inputs on Port G, L and M 
m Packages: 44 PLCC with 31 I/O pins 
68 PLCC with 58 I/O pins 


CPU/Instruction Set Features 


m™ 1 us instruction cycle time 

= Fourteen multi-sourced vectored interrupts servicing 
— External interrupt 
— Idle Timer TO 
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Features include an 8-bit memory mapped architecture, 10 
MHz CKI with 1s instruction cycle, two multi-function 16-bit 
timer/counters, WATCHDOG™ and Clock Monitor, CAN 
2.0B (passive) interface, MICROWIRE/PLUS™ serial I/O, 
SPI master/slave interface, fully buffered USART, 8-bit A/D 
with 8 channels, two power saving HALT/IDLE modes, 
MIWU, idle timer, software selectable I/O options, low EMI 
4.5V to 5.5V operation, and 44/68 pin packages. 

Note: A companion device with CAN interface, less I/O and 
memory, and PWM timer is the COP888BC. 


Devices included in this datasheet are: 


44 PLCC 
44 PLCC 
68 PLCC 
68 PLCC 


-55 to +125°C 
-40 to +85°C 
-55 to +125°C 
-40 to +85°C 

















— Timers (T1 and T2) (4 Interrupts) 
— MICROWIRE/PLUS and SPI 
— Multi-input Wake up 
— Software Trap 
— CAN interface (3 interrupts) 
— USART (2 Inputs) 
m™ Versatile easy to use instruction set 
m™ 8-bit stack pointer (SP) (Stack in RAM) 
™ Two 8-bit Register Indirect Memory Pointers (B, X) 


Fully Static CMOS 


m Two power saving modes: HALT, IDLE 
= Single supply operation: 4.5V to 5.5V 


m™ Temperature ranges: —40°C to +85°C and 
—55°C to +125°C 


Development Support 
= Emulation and OTP devices 


m Real time emulation and full program debug offered by 
MetaLink Development System 
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COP888EB 


Basic Functional Description 


CAN I/F—CAN serial bus interface block as described 

in the CAN specification part 2.0B (Passive) 

— Interface rates up to 250k bit/s are supported utilizing 
standard message identifiers 

Programmable double buffered USART 

A/D—8-bit, 8 channel, 1-LSB Resolution, with improved 

Source Impedance and neers channel to channel 

cross talk immunity __ 

Multi-Input-Wake-Up (MIWU)—edge selectable wake- -up 

and interrupt capability via input port and CAN interface 

(Port L, Port M and CAN I/F); supports Wake-Up 

capability on SPi, USART, and T2 capture 

Port C—8-bit bi-directional 1/O port 

Port D—8-bit Output port with high current drive 

capability (10 mA) 

Port F—8-bit bidirectional I/O 

Port G—8-bit bidirectional I/O port, including alternate 

functions for: 

— MICROWIRE™ Input and Output 

— Timer 1 Input or Output (Depending on mode 
selected) 

— External Interrupt input 

— WATCHDOG Output 

Port |—8-bit input port combining either digital input, or 

up to eight A/D input channels 

Port L—8-bit bidirectional 1/O port, including alternate 

functions for: 

— USART Transmit/Receive /O 

— Multi-input-wake up (MIWU on all pins) 

Port M—8-bit I/O port, with the following alternate 

function 

— SPI Interface 

— MIWU 


Block Diagram 


CLOCK 
HALT RESET COP888 CORE 
IDLE 


WAKE UP 
WATCHDOG. 


INTERRUPT 





INSTR 
DECODE 
LOGIC 


ILLEGAL 
COND 


DETECT 





pes oe eee ee eee eee eee eee ee ee 










— CAN Interface Wake-up (MSB) _ 
— Timer 2 Input or Output (Depending on mode — 
selected) 

m Port N—8-bit bidirectional I/O 
— SPI Slave Select Expander 

m Two 16-bit multi-function Timer counters (T1 and T2): 
plus supporting registers 
— (/P Capture, PWM and Event Counting) | 

m Idle timer—Provides a basic time-base counter, (with 
interrupt) and automatic wake up from IDLE mode 
programmable 

= MICROWIRE/PLUS —MICROWIRE serial peripheral 
interface, supporting both Master and Slave operation 

= HALT and IDLE— Software programmable low current 
modes 
— HALT —Processor stopped, Minimum current 
— IDLE—Processor semi-active more than 60% power 

saving 

m 8 kBytes ROM and 192 bytes of on board static RAM 

m SPI Master/Slave interface includes 12 bytes Transmit 
and 12 bytes Receive FIFO Buffers. Operates up to 1M 
Bit/S 

m On board programmable WATCHDOG and CLOCK 
Monitor 


Applications 

=m Automobile Body Control and Comfort System 
m Integrated Driver Informaiton Systems 

m= Steering Wheel Control 

= Car Radio Control Panel 


m Sensor/Actuator Applications in Automotive and 
Industrial Control 


8 BITS | 8 BITS | 8 BITS | 8 BITS § 8 BITS [8 BITS 8 BITS | 8 BITS | 8 BITS 


ono 


192 
BYTES 
RAM 


8-BIT 


A/D 
CON- 
VERTER 





e 


Ce] 


DS012837-1 


FIGURE 1. Block Diagram 
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Connection Diagrams 


Plastic Chip Carrier 
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Order Number COP888EB-XXX/V, COP688EB-XXX/V 
See NS Plastic Chip Package Number V44A 


Plastic Leaded Chip Carrier 


2 
— 
Oo m O 
oS BREE se 2&8 
SSeeocseootnSerstyuarsa 
1 68 67 66 65 64 63 62 61 

FO 17 /ADCH7 

FA 16 /ADCH6 

F2 15 /ADCHS 

F3 |4/ADCH4 

F4 13 /ADCH3 

GND 12/ADCH2 

Voc 11 /ADCH1 

GND 10 /ADCHO 

NO/ESSO A/D - Veer 
N1/ESS1 GND 
N2/ESS2 Vec 

N3/ESS3 CAN = Voce 
N4/ESS4 Rx0 
N5/ESS5 Rx! 
N6/ESS6 Tx0 
N7/ESS7 Tx! 
RESET M6 


27 28 29 30 3132 33 34 35 36 37 38 39 40 


MO/MISO 
M1/MOSI 
M2/SCK 


Top View 





4142 43 


M3/SS 
M4/T2A 
M5/T2B 


DS012837-3 


83888d09 


Order Number COP889EB-XXX/V, COP689EB-XXX/V 
See NS Plastic Chip Package Number V68A 


FIGURE 2. Connection Diagrams 
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Connection Diagrams (continuea) 


Pinouts for 44-Pin and 68-Pin Packages 
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National Semiconductor 


COP888CF 


8-Bit CMOS ROM Based Microcontrollers with 4k 


Memory and A/D Converter 


General Description 


The COP888CF ROM based microcontrollers are highly in- 
tegrated COP8™ Feature core devices with 4k memory and 
advanced features including an A/D Converter. These single- 
chip CMOS devices are suited for applications requiring a 
full featured controller with an 8-bit A/D converter. Pin and 
software compatible (different Voc range) 16k/382k OTP 
(One Time Programmable) versions are _ available 
(COP87L88CF Family) for pre-production, and for use with a 
range of COP8 software and hardware development tools. 















COP884CF 
COP984CF 
COP888CF 
COP988CF 


4k bytes ROM 
4k bytes ROM 
4k bytes ROM 
4k bytes ROM 


128 bytes 
128 bytes 
128 bytes 
128 bytes 







Key Features 

m A/D converter (8-bit, 8-channel, with prescaler and both 
differential and single ended modes) 

@ Two 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 

m 4 kbytes of on-chip ROM 

@ 128 bytes of on-chip RAM 


Additional Peripheral Features 

m Idle Timer 

m@ Multi-Input Wake Up (MIWV) with optional interrupts (8) 
m WATCHDOG and Clock Monitor logic 

= MICROWIRE/PLUS serial I/O 


/O Features 


m™ Memory mapped I/O 

m Software selectable I/O options (TRI-STATE®Output, 
Push-Pull uu Weak Pull-Up Input, High Impedance 
Input) 

m@ High current sults 

m Packages: 
— 44 PLCC with 38 I/O pins 
— 40 DIP with 34 I/O pins 
— 28 DIP/SO with 22 I/O pins 
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Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI with 1 us instruction cycle, two multi- 
function 16-bit timer/counters, MICROWIRE/PLUS™ serial 
I/O, one 8-bit/8-channel A/D converter with prescaler and 
both differential and single ended modes, crystal or R/C os- 
cillator, two power saving HALT/IDLE modes, idle timer, 
MIWU, high current outputs, software selectable I/O options, 
WATCHDOG™ timer and Clock Monitor, 2.5V to 6.0V opera- 
tion and 28/40/44 pin packages. 


Devices included in this datasheet are: 






28 DIP/SOIC 
28 DIP/SOIC 
40 DIP, 44 PLCC 
40 DIP, 44 PLCC 


-40 to +85°C 
-0 to +70°C 
-40 to +85°C 
-0 to +70°C 
















m= Schmitt trigger inputs on Port G 


CPU/Instruction Set Feature 


= 71 Us instruction cycle time 
m= Ten multi-source vectored interrupts servicing 
— External interrupt with selectable edge 
— Idle Timer TO 
— Two Timers (Each with 2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS (default interrupt) 
= Versatile and easy to use instruction set 
m™ 8-bit Stack Pointer (SP)—stack in RAM 
= Two 8-bit Register Indirect Data Memory Pointers (B, X) 


Fully Static CMOS 


m Low current drain (typically < 1 pA) 
m™ Single supply operation: 2.5V to 6.0V 


m= Temperature ranges: 0°C to +70°C, and 
—40°C to +85°C 


Development Support 


# Emulation and OTP devices 
= Real time emulation and full program debug offered by 
MetaLink Development System 
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Block Diagram 
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FIGURE 1. Block Diagram 
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Connection Diagrams 


Plastic Chip Carrier 


Dual-In-Line Package 


44 43 42 41 40 


CKI 

Voc 
l0/ACHO 
11/ACH1 
12/ACH2 
13/ACH3 
\4/ACH4 
15 /ACHS 
16 /ACHE 
17/ACH7 


AGND 
19 20 21 22 23 24 25 26 27 28 





ra es ae eS 
> DS009425-37 
DS009425-2 Top View 
Top View Order Number COP884CF-XXXIN, 
Order Number COP888CF-XXX/V COP884CF-XXX/WM, COP984CF-XXXIN, 
COP988CF-XXX/V or COP9BBCFH-XXX/V COP984CFH-XXX/N, COP984CFH-XXX/WM 
See NS Plastic Chip Package Number V44A or COP984CFH-XXX/WM 


See NS Package Number N28B or M28B 


Dual-In-Line Package 
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Top View 
Order Number COP888CF-XXX/N, 
COP988CF-XXX/N or COP988CFH-XXX/N 
See NS Molded Package Number N40A 


FIGURE 2. Connection Diagrams 
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COP888CF 


Connection Diagrams (continued) 


Pinouts for 28-, 40- and 44-Pin Packages 

| Port | Type |  Alt.Fun | Alt.Fun | 28-Pin Pack. | 

Lo VO | MIWU | 1 
MIWU 
MIWU 
MIWU 
MIWU 
MIWU 
MIWU 
MIWU 


. 40-Pin Pack. 44-Pin Pack. 
17 — 
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National Semiconductor 


COP888GD 


8-Bit CMOS ROM Based Microcontrollers with 16k 


Memory and 8-Channel A/D 


General Description 


The COP888GD ROM based microcontrollers are highly in- 
tegrated COP8™ Feature core devices with 16k memory 
and advanced features including an A/D Converter. These 
multi-chip CMOS devices are suited for applications requir- 
ing a full featured controller with an 8-bit A/D converter, and 
as pre-production devices for a masked ROM design. Pin 
and software compatible 16k or 32k OTP EPROM versions 
are available (COP87L88GD/RD Family) for pre-production, 
and for use with a range of COP8 software and hardware de- 
velopment tools. 






COP688GD 
COP888GD 
COP988GD 


16k ROM 
16k ROM 
16k ROM 











Key Features 

m 8-channel A/D converter with prescaler and both 
differential and single ended modes 

mw Three 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 

™ Quiet design (low radiated emissions) 

m™ 16 kbytes on-board ROM 

m 256 bytes on-board RAM 


Additional Peripheral Features 

m Idle Timer 

@ Multi-lnput Wakeup (MIWU) with optional interrupts (8) 
# WATCHDOG and clock monitor logic 

= MICROWIRE/PLUS serial I/O 


//O Features 

m Memory mapped I/O 

= Software selectable I/O options (TRI-STATE® Output, 
Push-Pull Output, Weak Pull Up Input, High Impedance 
Input) 

m Schmitt trigger inputs on ports G and L 

m Package: 
— 44 PLCC with 40 I/O pins 


[Device | Memory (oytes) | RAM (bytes) | VO Pins | Packages | Temperature | Comments 
256 40 44 PLCC 
256 40 44 PLCC 
256 40 


44 PLCC 
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Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI with 1us instruction cycle, three multi- 
function 16-bit timer/counters, MICROWIRE/PLUS™ serial 
I/O, one 8-bit/8-channel A/D converter with prescaler and 
both differential and single ended modes, two power saving 
HALT/IDLE modes, MIWU, idle timer, high current outputs, 
software selectable I/O options, WATCHDOG™ timer and 
Clock Monitor, 2.5V to 5.5V operation, program code secu- 
rity, and 44 pin package. 


Devices included in this datasheet are: 


4.5V to 5.5V 
2.5V to 5.5V 


2.5V to 4.0V, GDH = 4.0V to 
6.0V 


-55 to +125°C 
-40 to +85°C 
0 to +70°C 















CPU/Instruction Set Features 


m 1 us instruction cycle time 
m Twelve multi-source vectored interrupts servicing 
— External Interrupt 
— Idle Timer TO 
— Three Timers (each with 2 Interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS (default interrupt) 
m Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP) — stack in RAM 
m Two 8-bit Register Indirect Data Memory Pointers (B 
and X) 


Fully Static CMOS 


m Two power saving modes: HALT and IDLE 
m Single supply operation: 2.5V to 5.5V 
™ Temperature range: -0°C to +70°C and —40°C to +85°C 


Development Support 


= Emulation and OTP devices 
= Real time emulation and full program debug offered by 
MetaLink Development System 
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COP888GD 


Block Diagram 
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FIGURE 1. Block Diagram 
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FIGURE 2. Connection Diagrams 
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Connection Diagrams (continued) 


Pinouts for 44-Pin Package 


a5888d09 
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COP8ACC Family 





COP8ACC Family 


National Semiconductor 


8-Bit CMOS ROM Based and OTP Microcontrollers with 


General Description 


The COP8ACC Family ROM based microcontrollers are 
highly integrated COP8™ Feature core devices with 4k 
memory and advanced features including a High-Resolution 
A/D. These single-chip CMOS devices are suited for applica- 
tions requiring a full featured, low EMI controller with an A/D 
(only one external capacitor required). COP8ACC7 devices 
are pin and software compatible (different Voc range) 16k 
OTP EPROM versions for pre-production. Erasable win- 
dowed versions are available for use with a range of COP8 
software and hardware development tools. 







COP8ACC5xxx9 4k ROM 






COP8ACC7xxx9 16k OTP EPROM 


COP8ACC7xxx8 16k OTP EPROM 


Key Features 
m Analog Function Block with 12-bit A/D including 
— Analog comparator with seven input mux 
— Constant Current Source and Voc/2 Reference 
— 16-bit capture timer (upcounter) clocked from CKI 
with auto reset on timer startup 
= Quiet design (reduced radiated emissions) 
m 4096 bytes on-board ROM or 16,384 OTP EPROM with 
security feature 
m 128 bytes on-board RAM 


Additional Peripheral Features 


m Idle Timer 
m One 16-bit timer with two 16-bit registers supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 
@ Multi-lnput Wake-Up (MIWU) with optional interrupts 
WATCHDOG and clock monitor logic 
w MICROWIRE/PLUS™ serial I/O with programmable shift 
clock-polarity 


/O Features 


_ @ Software selectable I/O options (Push-Pull Output, Weak 


Pull-Up Input, High Impedance Input) - 
m@ High current outputs 
m Schmitt Trigger inputs on ports G and L 
m Packages: 28 DIP/SO with 23 I/O pins, 
20 SO with 15 I/O pins 


www.national.com 


[beviee _[_wamony ores) [| RAW ves) [W0Fine | Packages ——‘[—‘Torperatre | 


| 4k or 16k Memory and High Resolution A/D 


Family features include an 8-bit memory mapped architec- 
ture, 4 MHz CKI with 2.5us instruction cycle, 6 channel A/D 
with 12-bit resolution, analog capture timer, analog current 
source and V,,/2 reference, one multi-function 16-bit timer/ 
counter, MICROWIRE/PLUS serial I/O, two power saving 
HALT/IDLE modes, MIWU, high current outputs, software 
selectable I/O options, WATCHDOG™ timer and Clock Moni- 
tor, Low EMI 2.5V to 5.5V operation and 20/28 pin packages. 


Devices included in this datasheet are: 








CPU/Iinstruction Set Features 
m@ 2.5 us instruction cycle time 
m Eight multi-source vectored interrupt servicing 
— External Interrupt 
— Idle Timer TO 
— Timer T1 associated Interrupts 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS 
— A/D (Capture Timer) 
m 8-bit Stack Pointer (SP)—stack in RAM 
™ Two 8-bit Registers Indirect Data Memory Pointers 
(B and X) 


Fully Static CMOS 

m Two power saving modes: HALT and IDLE 

m Single supply operation: 2.5V to 5.5V for COP8ACC5 
m Single supply operation: 2.7V to 5.5V for COP8ACC7 
m™ Temperature ranges: 0°C to +70°C, —40°C to +85°C 


Development System 


m Emulation and OTP devices 
m= Real time emulation and full program debug offered by 
MetaLink development system 


Applications 

= Battery Chargers 

# Appliances 

m Data Acquisition systems 
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Block Diagram 
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FIGURE 1. Block Diagram 
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Note: -X Crystal Oscillator 
Note: -E Halt Enable 
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Top View Top View 
Order Number COP8ACC528N9 or COP8ACC528N8 Order Number COP8ACC520M9 or COP8ACC520N8 
See NS Molded Package Number N28A Order Number COP8ACC720M9-XE or 
Order Number COP8ACC528M9 or COP8ACC528M8 COP8ACC720N8-XE 
Order Number COP8ACC728N9-XE or See NS Molded Package Number M20B 


COP8ACC728N8-XE 
Order Number COP8ACC728M9-XE or 
COP8ACC728M8-XE 
See NS Molded Package Number M28B 


FIGURE 2. Connection Diagrams 
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COP8ACC Family | 


Connection Diagrams (Continued) 


| 28-Pin 20-Pin | 
io [wwu | Set] CTC 
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Pinouts for 28-Pin, 20-Pin Packages 













Zz 
— 


M1n)|o 
Allain GH 


3S 


V/CKO HALT Restart 


Analog CH1 
Isrc 

Analog CH2 
Analog CH3 
Analog CH4 
Analog CH5 
~~’ | Analog CH6 


Court 


Ordering Inforamtion 


COP8 XX B 7 20N 8 XXX 


8-Bit Control Oriented alee 
Processor 


ROM Code 


Feature Indicator Temp Range: 
3 = Room Temp, 


M Size: 
emory Size only for lab use 





Boek 6 = Extended (-55° to +125°) 
B= 2k 7 = Automotive (-40° to +125°) 
C = 4k 8 = Industrial (-40° to +85°) 
: : a 9 = Commercial (0° to +70°) 
annie: Pin Count and Ceceagy Type: 
~ D = Ceramic DIP 
- 5 = ROM a. - L = Ceramic PLCC: 
6 = Mask RAM M = SOIC . , 
7 = OTP/EPROM N = DIP 
9 = EEPROM/FLASH Q = Windowed 
0 = ROMless Package. DIP 
Vv = PLCC ’ 
‘DIE = Scribed Die 


~ DWF = Die in Wafer Form 
VEJ = 44-pin PQFP 
DS012865-38 


FIGURE 3. Part Numbering Scheme 
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COP888EK 


National Semiconductor 


8-Bit CMOS ROM Based Microcontrollers with 8k 
Memory, Comparator, and Single-slope A/D Capability 


General Description 


The COP888EK ROM based microcontrollers are highly in- 
tegrated COP8™ Feature core devices with 8k memory and 
advanced features including a Multi-Input Comparator and 
Single-slope A/D capability. These single-chip CMOS de- 
vices are suited for applications requiring a full featured, low 
EMI controller with an analog comparator, current source, 
and voltage reference. The COP87L88EK/RK Family de- 
vices are pin and software compatible (different Voc range) 
16k or 32k OTP (One Time Programmable) versions for pre- 
production, and for use with a range of COP8 software and 
hardware development tools. 


Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI with 1us instruction cycle, three multi- 
function 16-bit timer/counters with PWM, MICROWIRE/ 
PLUS™ serial I/O, one analog comparator with seven input 
multiplexor, an analog current source and Voc reference, 
two power saving HALT/IDLE modes, idle timer, MIWU, high 
current outputs, software selectable I/O options, WATCH- 
DOG™ timer and Clock Monitor, Low EMI 2.5V to 6.0V op- 
eration and 28/40/44 pin packages. 


Devices included in this datasheet are: 


28 DIP/SOIC 
28 DIP/SOIC 
28 DIP/SOIC 


40 DIP, 44 PLCC 
40 DIP, 44 PLCC 
40 DIP, 44 PLCC } 0 to +70°C 


COP988EK 


Key Features 
m Analog function block with 
— Analog comparator with seven input multiplexor 
— Constant current source and V,,/2 reference 
m= Three 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 
m™ 8 kbytes of on-chip ROM 
m 256 bytes of on-chip RAM 


Additional Peripheral Features 

m Idie Timer 

@ Multi-lnput Wake Up (MIWU) with optional interrupts (8) 
m WATCHDOG and Clock Monitor logic 

= MICROWIRE/PLUS serial I/O 


I/O Features 

= Software selectable I/O options (TRI-STATE™ Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 
Input) 

m@ High current outputs 

@ Schmitt trigger inputs on Port G and L 

m Packages: 44 PLCC with 40 I/O pins, 40 DIP with 36 I/O 
pins, and 28 DIP/SO with 24 I/O pins 
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-55 to +125°C | 4.5V - 5.5V 

-40 to +85°C 

0 to +70°C 2.5V - 4.0V, EKH=4.0V - 6.0V 
-55 to +125°C } 4.5V - 5.5V 

-40 to +85°C 





2.5V - 4.0V, EKH=4.0V - 6.0V 


CPU/Instruction Set Feature 
™ 1 us instruction cycle time 
= Twelve multi-source vectored interrupts servicing 
— External Interrupt with selectable edge 
— Idle Timer TO 
— Three Timers (Each with 2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS (default interrupt) 
m= Versatile and easy to use instruction set 
8-bit Stack Pointer (SP)—stack in RAM 
= Two 8-bit Register Indirect Data Memory Pointers 
(B, X) 


Fully Static CMOS 


m Single supply operation: 2.5V to 6.0V 
m Temperature ranges: 0°C to +70°C, -40°C to +85°C, and 
-55°C to +125°C 


Development Support 
m Emulation and OTP devices 


m Real time emulation and full program debug offered by 
MetaLink Development System 
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COP888EK 


Block Diagram 
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FIGURE 1. Block Diagram 


www.national.com 3-54 


Connection Diagrams 


Plastic Chip Carrier Dual-In-Line Package 
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DS012094-2 
Top View 
Order Number COP688EK-XXX/V, COP888EK-XXX/V, 
COP988EK-XXX/V or COP988EKH-XXX/V 
See NS Plastic Chip Package Number V44A 





DS012094-3 
Top View 
Order Number COP688EK-XXX/N, COP888EK-XXXI/N, 
COP988EK-XXX/N or COP988EKH-XXX/N 
See NS Molded Package Number N40A 


Dual-iIn-Line Package 


28 pin 


DIP/SO 


oO on Oo OO e® WA NH 





DS012094-4 


Top View 
Order Number COP684EK-XXX/N, COP884EK-XXX/N, COP984EK-XXX/N or COP984EKH-XXX/N 
See NS Molded Package Number N28B 
Order Number COP684EK-XXX/WM, COP884EK-XXX/WM, COP984EK-XXX/WM or COP984EKH-XXX/WM 
See NS Molded Package Number M28B 


FIGURE 2. Connection Diagrams 
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COP888EK 


Connection Diagrams (continued) 


Pinouts for 28-, 40- and 44-Pin Packages 
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PRELIMINARY 


National Semiconductor 


COP888GW 


8-Bit Microcontroller with Pulse Train Generators and 


Capture Modules 


General Description 


The COP888 family of microcontrollers uses an 8-bit single 
chip core architecture fabricated with National Semiconduc- 
tors M*CMOS™ process technology. The COP888GW is a 
member of this expandable 8-bit core processor family of mi- 
crocontrollers. It is a fully static part, fabricated using 
double-metal silicon gate microCMOS technology. 


Features include an 8-bit memory mapped architecture, 
MICROWIRE/PLUS™ serial I/O, two 16-bit timer/counters 
supporting three modes (Processor Independent PWM gen- 
eration, External Event counter and Input Capture mode ca- 
pabilities), four independent 16-bit pulse train generators 
with 16-bit prescalers, two independent 16-bit input capture 
modules with 8-bit prescalers, multiply and divide functions, 
full duplex UART, and two power savings modes (HALT and 
IDLE), both with a multi-sourced wake up/interrupt capability. 
This multi-sourced interrupt capability may also be used in- 
dependent of the HALT or IDLE modes. 


Each I/O pin has software selectable configurations. The de- 
vices operate over a voltage range of 2.5V—6V. High 
throughput is achieved with an efficient, regular instruction 
set operating at a maximum of 1 us per instruction rate. The 
device has low EMI emissions. Low radiated emissions are 
achieved by gradual turn-on output drivers and internal loc 
filters on the chip logic and crystal oscillator. The device is 
available in 68-pin PLCC package. 


Key Features 

Two 16-bit input capture modules with 8-bit prescalers 
Four Pulse Train Generators with 16-bit prescalers 
Full duplex UART 

Two 16-bit timers, each with two 16-bit registers 
supporting: 

— Processor independent PWM mode 

— External event counter mode 

— Input capture mode 

= Quiet design (low radiated emissions) 

m 16 kbytes on-board ROM 

m 512 bytes on-board RAM 


Additional Peripheral Features 


m Idle Timer 
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@ Multi-Input Wake-Up (MIWU) with optional interrupts (8) 
m MICROWIRE/PLUS™ serial I/O 


I/O Features 

m™ Memory mapped |/O 

= Software selectable I/O options ( TRI-STATE® Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 
Input) 

= Schmitt trigger inputs on port G 

m Package: 68-pin PLCC 


CPU/Iinstruction Set Features 


m™ 1 us instruction cycle time 
m Fourteen multi-source vectored interrupts servicing: 
— External Interrupt with selectable edge 
— Idle Timer TO | 
— Two Timers (each with 2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake-Up 
— Software Trap 
— UART (2) 
— Capture Timers 
— Counters (one vector for all four counters) 
— Default VIS (default interrupt) 
m Versatile and easy-to-use instruction set 
m™ 8-bit Stack Pointer SP — (stack in RAM) 
m Two 8-bit register indirect data memory pointers 
(B and X) 


Fully Static CMOS 


m Two power saving modes: HALT and IDLE 
m Low current drain (typically <1 yA) 

m Single supply operation: 2.5V—5.5V 

m™ Temperature range: —40°C to +85°C 


Development Support 


= Emulation and OTP device 
m= Real time emulation and full program debug offered by 
MetaLink’s Development System 
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Block Diagram 









POWER/CONTROL 


SDIFIED HARVAK pop ifcfsfefelr 
MODIFIED HARVARD CY GJLIEF 
ARCHITECTURE 





16-BIT 
TIMER 


T1 
INTERRUPT 


CAPTURE 
MODULES 





UART 
MULT/DIV (1, 2) 





r 
I 
I 
I 
! 
i 
I 
I 
i 
I 
I 
I 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
be 


PULSE TRAIN 
| BL GENERATORS 
(1, 2,3, 4) 
ALU 
ILLEGAL 
COND CNTRL 
DETECT F FicnTRL 
. I 
CPU REGISTERS 1 
1 
ee ee ee oe ee ee oe he UL LU 
DS012065-1 
FIGURE 1. COP888GW Block Diagram 
Connection Diagram 
~ Ro YM tT MN K-— OO KR wo MH +tMNA KH OO 
oO oo oO © © Oo © Oo oOo oes | —! an | —_— oe | —! —! —J 


68 67 66 65 64 63 62 61 


27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 





oOo TAN YOY Ss YO O fY OF TF NY tT YY OO DS [S) 
os OS A OE Os sae ae ee ee 
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Top View 
Order Number COP888GW-XXX/V 
See NS Package Number V68A 
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AY vationat Semiconductor 


OTP Products 
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COP87LxxCJ/RJ Family 


Arationat Semiconductor 





COP87LxxCJ/RJ Family 


PRELIMINARY 


8-Bit CMOS OTP Microcontrollers with 4k or 32k Memory 


and Comparator 


General Description 


The COP87LxxCJ/RJ Family OTP (One Time Program- 
mable) microcontrollers are integrated COP8™ Base core 
devices with 4k or 32k memory, and an Analog comparator 
(no brownout). These multi-chip CMOS devices are suited 
for lower-functionality applications, and as pre-production 
devices for a ROM design. Low cost, pin and software com- 
patible (plus Brownout) 1k or 2k ROM versions are available 
(COP820CJ/840CJ Family). Versions are available for use 
with a range of COP8 software and hardware development 
tools. 


Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI with 1s instruction cycle, three clock op- 










COP87L20CJ 4k OTP EPROM 









COP87L22CJ 4k OTP EPROM 
COP87L40CJ 4k OTP EPROM 
COP87L42CJ 4k OTP EPROM 
COP87L40RJ 32k OTP EPROM 


COP87L42RJ 32k OTP EPROM 


Key Features 
m@ Multi-input Wakeup (on the 8-bit Port L) 


1 m Analog comparator 


m= Modulator/Timer (high speed PWM timer for IR 
transmission) 

m@ 16-bit multi-function timer supporting 
— PWM mode 
— External event counter mode 
— Input capture mode 

m Integrated capacitor for the R/C oscillator 

m@ 4 or 32 kbyte on-board OTP EPROM with security 
feature 

m 64 or 128 bytes on-chip RAM 


/O Features 

™ Software selectable I/O options (TRI-STATE®, Push-Pull, 
Weak Pull-Up Input, High Impedance Input) 

m™ High current outputs (8 pins) 

@ Schmitt trigger inputs on Port G 

= MICROWIRE/PLUS serial I/O 

m Packages: 
— 20 DIP/SO with 16 I/O pins 
— 28 DIP/SO with 24 1/O pins 
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[Devices | Memory (bytes) | RAW (bytes) | V0 Pins 









tions (-1 = crystal; -2 = external; -3 = internal RC), one multi- 
function 16-bit timer/counter, MICROWIRE/PLUS™ serial 
I/O, one analog comparator, power saving HALT mode with 
multi-sourced wakeup/interrupt capability, on-chip R/C oscil- 
lator capacitor, high current outputs, software selectable I/O 
options, WATCHDOG™ timer, modulator/timer, Power on 
Reset, program code security, 2.7V to 5.5V operation and 
20/28 pin packages. 

In this datasheet, the term COP87L20CJ refers to the 
COP87L20CJ, and COP87L22CJ. COP840CU refers to the 
COP87L40CJ, COP87L42CJ, COP87L40RJ, and 
COP87L42RUJ. 


Devices included in this datasheet are: 


28 DIP/SOIC -40 to +85°C 








20 DIP/SOIC -40 to +85°C 
28 DIP/SOIC -40 to +85°C 
20 DIP/SOIC -40 to +85°C 
28 DIP/SOIC -40 to +85°C 


20 DIP/SOIC -40 to +85°C 


CPU/Instruction Set Features 


m™ 1 us instruction cycle time 

m Three multi-source interrupts servicing 
— External interrupt with selectable edge 
— Timer interrupt 
— Software interrupt 

m Versatile and easy to use instruction set 

m 8-bit stack pointer (SP)—stack in RAM 


= Two 8-bit Register Indirect Data Memory Pointers (B and 
X) 


Fully Static CMOS 


m= Low current drain (typically <1 yA) 
m Single supply operation: 2.7V to 5.5V 
m Temperature range: —40°C to +85°C 


Development Support 
m Emulation device for the COP820CJ/COP840CJ 


m Real time emulation and full program debug offered by 
MetaLink Development Systems 
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Block Diagram 
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G4/SO—4 1 G3/TIO 
65/sk-42 ib G4/SO—4 1 G3/TIO 
66/si-q 3 a G5/SK—4 2 G2 
G7/CKO—4 4 GO/INT a i 
cKied 5 ec G7/CKO —4 4 GO/INT 
Veo—46 en CKi 45 RESET 
ee na Veo 4 6 GND 
iieds 7) LO/CMPOUT —{ 7 L7/MODOUT . 
oul a L1/CMPIN- —| 8 L6 
Peer na L2/CMPIN+ —4 9 L5 
LO/CMPOUT 4 11 L7 /MODOUT eo Ee 
L1/CMPIN-—4 12 L6 DS012529-3 
L2/CMPIN+ 4 13 L5 Top View 
L3—qi4 LA Order Number 





COP87L22CUN (-1N, -2N, -3N), or 


DS012529-2 
Top View 
Order Number 
COP87L20CUN (-1N, -2N, -3N), or 


COP87L22CJM(-1N, -2N, -3N), or 
COP87L42CUN (-1N, -2N, -3N), or 
COP87L42CuM (-1N, -2N, -3N), or 
COP87L42RUN (-1N, -2N, -3N), or 


COP87L20CJM(-1N, -2N, -3N), or COP87L42RUM (-iN, -2N, -3N) 
COP87L40CUN (-1N, -2N, -3N), or See NS Package Number N20A or M20B 
COP87L40CUM (-1N, -2N, -3N), or 
COP87L40RUN (-1N, -2N, -3N), or 
COP87L40RUM (-1N, -2N, -3N) 
See NS Package Number N28B or M28B 


FIGURE 2. Connection Diagrams 


Note: -1 Crystal Oscillator N - Brown out disabled 
-2 External Oscillator 
-3 R/C Oscillator 
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PRELIMINARY 


National Semiconductor 


COP8SA Family 


8-Bit CMOS ROM Based and One-Time Programmable 
(OTP) Microcontroller with 1k to 4k Memory, Power On 
Reset, and Very Small Packaging 


General Description 


Note: COP8SAx devices are instruction set and pin com- 
patible supersets of the COP800 Family devices, and are 
replacements for these in new designs when possible. 


The COPSAx Rom based and OTP microcontrollers are 
highly integrated COP8™ feature core devices, with 1k to 4k 
memory and advanced features including low EMI. These 
single-chip CMOS devices are suited for low cost applica- 
tions requiring a full featured controller, low EMI, and POR. 
100% form-fit-function compatible OTP versions are avail- 
able with 1k, 2k, and 4k memory, and in a variety of pack- 
ages including 28-pin CSP. Erasable windowed versions are 
available for use with a range of COP8 software and hard- 
ware development tools. 


Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI with 1 us instruction cycle, one multi- 
function 16-bit  timer/counter with PWM _ _ output, 
MICROWIRE/PLUS™ serial I/O, two power saving HALT/ 
IDLE modes, MIWU, idle timer, on-chip R/C oscillator, 12 
high current outputs, user selectable options (WATCH- 
DOG™, 4 clock/oscillator modes, power-on-reset), low EMI 
2.7V to 5.5V operation, and 16/20/28/40/44 pin packages. 


Devices included in this datasheet are: 


Memory VO Pins 
T t 
Bevis (bytes) ee my) YOPm | Packages | Temperate 


COP8SAA5 


COP8SAB5 


COP8SAC5 


COP8SAA7 


COP8SAB7 


COP8SAC7 


COP8SAA7SLB9 
COP8SAB7SLB9 
COP8SAC7SLB9 
COP8SAC7-Q3 


1k ROM 


2k ROM 


4k ROM 


1k OTP EPROM 


2k OTP EPROM 


4k OTP EPROM 


1k OTP EPROM 

2k OTP EPROM 

4k OTP EPROM 
4k EPROM 


12/16/24 


16/24 


16/24/36/40 


12/16/24 


16/24 


16/24 


24 
24 
24 

16/24/36 


16/20/28 DIP/SOIC 


20/28 DIP/SOIC 


20/28 DIP/SOIC, 28 CSP, 


40 DIP, 44 PLCC/QFP 
16/20/28 DIP/SOIC 


20/28 DIP/SOIC 


20/28 DIP/SOIC, 28 CSP, 


40 DIP, 44 PLCC/QFP 
28 CSP 

28 CSP 

28 CSP 

20/28/40 DIP 


0 to +70°C, -40 to +85°C, 
-40 to +125°C 


0 to +70°C, -40 to +85°C, 


-40 to +125°C 


0 to +70°C, -40 to +85'C, 


-40 to +125°C 


0 to +70°C, -40 to +85°C, 


-40 to +125°C 


0 to +70°C, -40 to +85°C, 


-40 to +125°C 


0 to +70°C, -40 to +85'C, 


-40 to +125°C 

0 to +70°C 

0 to +70°C 

0 to +70°C 

Room Temp. Only 
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COP8SAC7-J3 


Key Features m User selectable clock options 
aus tal/R t 
m Low cost 8-bit OTP microcontroller Crystal/Resonator options 


— Crystal/Resonator option with on-chip bias resistor 
= OTP program space with read/write protection (fully — External oscillator 


4k EPROM 40 44 PLCC 





Room Temp. Only 


secured) | : oe — Internal R/C oscillator 

m Quiet Design (low radiated emissions) m Internal Power-On Reset—user selectable 

@ Multi-iInput Wakeup pins with optional interrupts m™ WATCHDOG and Clock Monitor Logic—user selectable 
(4 to 8 pins) 


m Up to 12 high current outputs 
m™ 8 bytes of user storage space in EPROM 
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COP8SA Family 


CPU Features 


Versatile easy to use instruction set 

1 us instruction cycle time 

Eight multi-source vectored interrupts servicing 
— External interrupt 

— Idle Timer TO 

— One Timer (with 2 interrupts) 

— MICROWIRE/PLUS Serial Interface 

— Multi-Input Wake Up 

— Software Trap 

— Default VIS (default interrupt) 

8-bit Stack Pointer SP (stack in RAM) 

Two 8-bit Register Indirect Data Memory Pointers 
True bit manipulation 

Memory mapped I/O 

BCD arithmetic instructions 


Peripheral Features 


Multi-Input Wakeup Logic 

One 16-bit timer with two 16-bit registers supporting: 
— Processor Independent PWM mode 

— External Event counter mode 

— Input Capture mode 

Idle Timer 

MICROWIRE/PLUS Serial Interface (SPI Compatible) 


Block Diagram 






uC 8 BIT CORE 
MODIFIED HARVARD 
ARCHITECTURE 


ILLEGAL 
COND 
DETECT 








I/O Features 
m Software selectable I/O options 
— TRI-STATE® Output 
— Push-Pull Output 
— Weak Pull Up Input 
— High Impedance Input 
= Schmitt trigger inputs on ports G and L 
Up to 12 high current outputs 
m Pin efficient (i.e., 40 pins in 44-pin package are. devoted 
to useful I/O) “4 | | 


Fully Static CMOS Design 


m Low current drain (typically < 4 yA) 
m@ Single supply operation: 2.7V to 5.5V 
m Two power saving modes: HALT and IDLE 


Temperature Ranges 
0°C to +70°C, -40°C to +85°C, and —40°C to +125°C 


Development Support 
m Windowed packages for DIP and PLCC 


= Real time emulation and full program debug offered by 
MetaLink Development System 


1/0 PORTS - 


potetctstuy 


WATCH 
DOG 





DS012838-1 


FIGURE 1. COP8SAx Block Diagram — 
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General Description (Continued) 


Key features include an 8-bit memory mapped architecture, 
a 16-bit timer/counter with two associated 16-bit registers 
supporting three modes (Processor Independent PWM gen- 
eration, External Event counter, and Input Capture capabili- 
ties), two power saving HALT/IDLE modes with a 
multi-sourced wakeup/interrupt capability, on-chip R/C oscil- 
lator, high current outputs, user selectable options such as 
WATCHDOG, Oscillator configuration, and power-on-reset. 


1.1 EMI REDUCTION 


The COP8SAx family of devices incorporates circuitry that 
guards against electromagnetic interference — an increasing 
problem in today’s microcontroller board designs. National’s 
patented EMI reduction technology offers low EMI clock cir- 
cuitry, gradual turn-on output drivers (GTOs) and internal loc 
smoothing filters, to help circumvent many of the EMI issues 
influencing embedded control designs. National has 
achieved 15 dB—20 dB reduction in EMI transmissions when 
designs have incorporated its patented EMI reducing cir- 
cuitry. 


1.2 ARCHITECTURE 


The COP8SAx family is based on a modified Harvard archi- 
tecture, which allows data tables to be accessed directly 
from program memory. This is very important with modern 
microcontroller-based applications, since program memory 
is usually ROM or EPROM, while data memory is usually 
RAM. Consequently data tables usually need to be con- 
tained in ROM or EPROM, so they are not lost when the mi- 
crocontroller is powered down. In a modified Harvard archi- 
tecture, instruction fetch and memory data transfers can be 
overlapped with a two stage pipeline, which allows the next 
instruction to be fetched from program memory while the 
current instruction is being executed using data memory. 
This is not possible with a Von Neumann single-address bus 
architecture. 


The COP8SAx family supports a software stack scheme that 
allows the user to incorporate many subroutine calls. This 
capability is important when using High Level Languages. 
With a hardware stack, the user is limited to a small fixed 
number of stack levels. 


1.3 INSTRUCTION SET 


In today’s 8-bit microcontroller application arena cost/ 
performance, flexibility and time to market are several of the 
key issues that system designers face in attempting to build 
well-engineered products that compete in the marketplace. 
Many of these issues can be addressed through the manner 
in which a microcontroller’s instruction set handles process- 
ing tasks. And that’s why COP8 family offers a unique and 
code-efficient instruction set—one that provides the flexibil- 
ity, functionality, reduced costs and faster time to market that 
today’s microcontroller based products require. 


Code efficiency is important because it enables designers to 
pack more on-chip functionality into less program memory 
space (ROM/OTP). Selecting a microcontroller with less pro- 
gram memory size translates into lower system costs, and 
the added security of knowing that more code can be packed 
into the available program memory space. 


1.3.1 Key Instruction Set Features 


The COP8SAx family incorporates a unique combination of 
instruction set features, which provide designers with opti- 
mum code efficiency and program memory utilization. 
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Single Byte/Single Cycle Code Execution 


The efficiency is due to the fact that the majority of instruc- 
tions are of the single byte variety, resulting in minimum pro- 
gram space. Because compact code does not occupy a sub- 
stantial amount of program memory space, designers can 
integrate additional features and functionality into the micro- 
controller program memory space. Also, the majority instruc- 
tions executed by the device are single cycle, resulting in 
minimum program execution time. In fact, 77% of the instruc- 
tions are single byte single cycle, providing greater code and 
I/O efficiency, and faster code execution. 


1.3.2 Many Single-Byte, Multifunction Instructions 


The COP8SAx instruction set utilizes many single-byte, mul- 
tifunction instructions. This enables a single instruction to ac- 
complish multiple functions, such as DRSZ, DCOR, JID, and 
LOAD/EXCHANGE instructions with post-incrementing and 
post-decrementing, to name just a few examples. In many 
cases, the instruction set can simultaneously execute as 
many as three functions with the same single-byte instruc- 
tion. 


JID: (Jump Indirect); Single byte instruction; decodes exter- 
nal events and jumps to corresponding service routines 
(analogous to “DO CASE” statements in higher level lan- 
guages). 

LAID: (Load Accumulator-Indirect); Single byte look up table 
instruction provides efficient data path from the program 
memory to the CPU. This instruction can be used for table 
lookup and to read the entire program memory for checksum 
calculations. 


RETSK: (Return Skip); Single byte instruction allows return 
from subroutine and skips next instruction. Decision to 
branch can be made in the subroutine itself, saving code. 


AUTOINC/DEC: (Auto-Increment/Auto-Decrement); These 
instructions use the two memory pointers B and X to effi- 
ciently process a block of data (analogous to “FOR NEXT” in 
higher level languages). 


1.3.3 Bit-Level Control 


Bit-level contro] over many of the microcontroller’s {/O ports 
provides a flexible means to ease layout concerns and save 
board space. All members of the COP8 family provide the 
ability to set, reset and test any individual bit in the data 
memory address space, including memory-mapped I/O ports 
and associated registers. Three memory-mapped pointers 
handle register indirect addressing and software stack 
pointer functions. The memory data pointers allow the option 
of post-incrementing or post-decrementing with the data 
movement instructions (LOAD/EXCHANGE). And 15 
memory-maped registers allow designers to optimize the 
precise implementation of certain specific instructions. 


1.4 PACKAGING/PIN EFFICIENCY 


Real estate and board configuration considerations demand 
maximum space and pin efficiency, particularly given today’s 
high integration and smail product form factors. Microcontrol- 
ler users try to avoid using large packages to get the I/O 
needed. Large packages take valuable board space and in- 
creases device cost, two trade-offs that microcontroller de- 
signs can ill afford. 

The COP8 family offers a wide range of packages and do not 
waste pins: up to 90.9% (or 40 pins in the 44-pin package) 
are devoted to useful I/O. 
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COP8SA Family 


Connection Diagrams 
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FIGURE 2. Connection Diagrams 
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Ordering Information 


COP8SAA716M9Q 







Family Indicator 


Feature Set Temperature 
Indicator ; 9 = 0°C to +70°C 
Program Memory Size 8 = -40°C to +85°C 
A = 1k Package Type 7 = -40°C to +125°C 
B = 2k ae 3 = Room Temperature Tested Only 
C = 4k J = Windowed Ceramic PLCC 
M = SOIC 
No. of Pins N = DIP 
16 20 28 40 44 Q = Windowed DIP 
V = PLCC 
SLB = Chip Scale Package 


DS012838-8 


FIGURE 3. Part Numbering Scheme 
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COP87L88CL 


A national Semiconductor 


8-Bit One-Time Programmable (OTP) Microcontroller 


General Description copssce devices are 
form-fit-function compatible supersets of the COP87L88CL 
Family devices, and are replacements for these in new 
designs, and design upgrades with minimum effort. 


The COP87L88CL OTP microcontrollers are larger memory 
(16k), highly integrated COP8™ Feature core devices, with 
advanced features. These multi-chip CMOS devices are 
suited for applications requiring a full featured controller with 
a high I/O pincount, and as pre-production devices for a 
masked ROM design. Lower cost pin and software compat- 
ible 4k ROM versions are available (COP888CL/988CL). 





COP87L84CL | 16k OTP 


COP87L88CL 






16k OTP 


Key Features 
= Two 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor independent PWM mode 
— External event counter mode 
— Input capture mode 
m 4 kbytes on-board EEPROM with security feature 
@ 128 bytes on-board RAM 


Additional Peripheral Features 

m Idle timer 

= Multi-Input Wake-Up (MIWU) with optional interrupts (8) 
m@ WATCHDOG™ and clock monitor logic 

= MICROWIRE/PLUS™ serial 1/O 


//O Features 

m™ Memory mapped /O 

m Software selectable I/O options (TRI-STATE® output, 
push-pull output, weak pull-up input, high impedance 
input) 

= Schmitt trigger inputs on ports G and L 

Packages: 

— 44 PLCC with 39 I/O pins 

— 40 DIP with 33 I/O pins 

— 28 DIP with 24 I/O pins 

— 28 SO with 24 I/O pins (contact local sales office for 
availability) 
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Device . Memory (bytes) I/O Pins Packages Temperature. 
panies 


Family features include an 8-bit memory mapped architec- 
ture, 10MHz CKI with 1 us instruction cycle, two multi- 
function 16-bit timer/counters, MICROWIRE/PLUS™ serial 
I/O, two. power saving HALT/IDLE modes, idle timer, MIWU, 
high current outputs, software selectable I/O options, 
WATCHDOG™ timer and Clock Monitor, 2.7v-5.5v opera- 
tion, program code security, and 28/40/44 pin packages. 


Devices included in this datasheet are: 





28 DIP/SOIC -40 to +85°C 


bapseae 


Use 
COP8SGx7 












40 DIP, 44 PLCC -40 to +85°C 





CPU/Instruction Set Features 
m 1 us instruction cycle time 
m Ten multi-source vectored interrupts servicing 
— External interrupt 
— Idle timer TO 
— Two timers (each with 2 Interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software trap 
— Default VIS (default interrupt) 
m Versatile and easy to use instruction set © 


.. @ 8-bit Stack Pointer SP—stack in RAM 


m Two 8-bit register indirect data memory pointers 
(B and X) 


Fully Static CMOS 

m Two power saving modes: HALT and IDLE 
m@ Single supply operation: 2.7V-5.5V 

m™ Temperature range: —40°C to +85°C 


Development Support 
m Emulation device for the COP888CL/COP884CL 


m Real time emulation and full program debug offered by 
MetaLink Development System 
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Block Diagram 
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COP87L88CL 


Connection Diagrams 


Plastic Chip Carrier Dual-In-Line Package 
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Top View 
Order Number COP87L84CLN-XE 
See NS Package Number N40A 
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FIGURE 1. COP87L88CL/COP87L84CL Connection Diagrams 
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Connection Diagrams (continued) 
Pinouts for 28-, 40- and 44-Pin Packages 








T2A 
T2B 


TIA 
SO 
SK 
Sl 


C7 
Unused* 
Unused 
Voc 
GND 
CKI 
RESET 
* = On the 40-pin package, Pins 15 and 16 must be connected to GND. 


3-71 





28-Pin 40-Pin 4 
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Pkg. 
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COP8SG Family 


(V vationa: Semiconductor 


COP8SG Family 


8-Bit CMOS ROM Based and OTP Microcontrollers with 
8k to 32k Memory, Two Comparators and USART 


General Description 


The COP8SGx5 Family ROM based microcontrollers are 
highly integrated COP8™ Feature core devices with 8k to 
32k memory and advanced features including Analog com- 
parators, and zero external components. These single-chip 
CMOS devices are suited for more complex applications re- 
quiring a full featured controller with larger memory, low EMI, 
two comparators, and a full-duplex USART. COP8SGx7 de- 
vices are 100% form-fit-function compatible 8k or 32k OTP 
(One Time Programmable) versions for use in production or 
development. 


Erasable windowed versions are available for use with a 
range of COP8 software and hardware development tools. 


Family features include an 8-bit memory mapped architec- 
ture, 15 MHz CKI with 0.67 us instruction cycle, 14 inter- 
rupts, three multi-function 16-bit timer/counters with PWM, 
full duplex USART, MICROWIRE/PLUS™, two analog com- 
parators, two power saving HALT/IDLE modes, MIWU, idle 
timer, on-chip R/C oscillator, high current outputs, user se- 
lectable options (WATCHDOG™, 4 clock/oscillator modes, 
power-on-reset), 2.7V to 5.5V operation, program code se- 
curity, and 28/40/44 pin packages. 


Devices included in this datasheet are: 


COP8SGE5 24/36/40 


COP8SGG5 16k ROM 24/36/40 


COP8SGH5 20k ROM 24/36/40 


COP8SGK5 24k ROM 24/36/40 


COP8SGR5 32k ROM 24/36/40 


COP8SGE7 


8k OTP EPROM 24/36/40 


COP8SGR7_ | 32k OTP EPROM 24/36/40 


COP8SGR7-Q3 32k EPROM 24/36/40 


Key Features 


m™ Low cost 8-bit microcontroller 
m™ Quiet Design (low radiated emissions) 
@ Multi-input Wakeup pins with optional interrupts (8 pins) 
m Mask selectable clock options 

— Crystal oscillator 

— Crystal oscillator option with on-chip bias resistor 

— External oscillator 

— Internal R/C oscillator 
m Internal Power-On-Reset— user selectable 
WATCHDOG and Clock Monitor Logic—user selectable 
m Eight high current outputs 
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28 DIP/SOIC, 40 DIP, 44 
PLCC/QFP/CSP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 


28 DIP/SOIC, 40 DIP, 44 
PLCC/QFP/CSP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 


28 DIP/SOIC, 40 DIP, 44 
PLCOC/QFP/CSP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 


28 DIP/SOIC, 40 DIP, 44 
PLCC/QFP/CSP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 


28 DIP/SOIC, 40 DIP, 44 
PLCC/QFP/CSP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 
28 DIP/SOIC, 40 DIP, 44 
PLCC/QFP/CSP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 
28 DIP/SOIC, 40 DIP, 44 
PLCC/QFP/CSP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 
28 DIP/SOIC, 40 DIP, 44 PLCC/QFP 


-40 to +85°C, 
-40 to +125°C 


-40 to +85°C, 
-40 to +125°C 


-40 to +85°C, 
-40 to +125°C 


-40 to +85°C, 
-40 to +125°C 


-40 to +85°C, 
-40 to +125°C 


-40 to +85°C, 
-40 to +125°C 


-40 to +85°C, 
-40 to +125°C 





Room Temp. 


m™ 256 or 512 bytes on-board RAM 
m™ 8k to 32k ROM or OTP EPROM with security feature 


CPU Features | 


m= Versatile easy to use instruction set 
= 0.67 us instruction cycle time 
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CPU Features (continued) 


= Fourteen multi-source vectored interrupts servicing 
— External interrupt / Timers TO — TS 
— MICROWIRE/PLUS Serial Interface 
— Multi-Input Wake Up 
— Software Trap 
— USART (2; 1 receive and 1 transmit) 
— Default VIS (default interrupt) 
m 8-bit Stack Pointer SP (stack in RAM) 
® Two 8-bit Register Indirect Data Memory Pointers 
m True bit manipulation 
= BCD arithmetic instructions 


Peripheral Features 
m Multi-Input Wakeup Logic 
m Three 16-bit timers (T1 — T3), each with two 16-bit 
registers supporting: 
— Processor Independent PWM mode 
— External Event Counter mode 
— Input Capture mode 
m Idle Timer (TO) 
MICROWIRE/PLUS Serial Interface (SP! Compatible) 
= Full Duplex USART 


Block Diagram 
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# Two Analog Comparators 


/O Features 


= Software selectable I/O options (TRI-STATE® 
Output,Push-Pull Output, Weak Pull-Up Input, and High 
Impedance Input) 

= Schmitt trigger inputs on ports G and L 

m Eight high current outputs 

m™ Packages: 28 SO with 24 I/O pins, 40 DIP with 36 I/O 
pins, 44 PLCC, PQFP and CSP with 40 I/O pins 


Fully Static CMOS Design 


@ Low current drain (typically < 4 pA) 
m= Two power saving modes: HALT and IDLE 


Temperature Range 
mw —40°C to +85°C, —40°C to +125°C 


Development Support 
m Windowed packages for DIP and PLCC 


= Real time emulation and full program debug offered by 
MetaLink Development System 
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FIGURE 1. COP8SGx Block Diagram 


3-73 


www.national.com 


Ajiwe4 5S8d09 


COP8SG Family 


1.0 Device Description 


1.1 ARCHITECTURE 


The COP8 family is based on a modified Harvard architec- 
ture, which allows data tables to be accessed directly from 
program memory. This is very important with modern 
microcontroller-based applications, since program memory 
is usually ROM or EPROM, while data memory is usually 
RAM. Consequently data tables need to be contained in 
non-volatile memory, so they are not lost when the microcon- 
troller is powered down. In a modified Harvard architecture, 
instruction fetch and memory data transfers can be over- 
lapped with a two stage pipeline, which allows the next in- 
struction to be fetched from program memory while the cur- 
rent instruction is being executed using data memory. This is 
not possible with a Von Neumann single-address bus archi- 
tecture. 


The COP8 family supports a software stack scheme that al- 
lows the user to incorporate many subroutine calls. This ca- 
pability is important when using High Level Languages. With 
a hardware stack, the user is limited to a small fixed number 
of stack levels. 


1.2 INSTRUCTION SET 


In today’s 8-bit microcontroller application arena cost/ 
performance, flexibility and time to market are several of the 
key issues that system designers face in attempting to build 
well-engineered products that compete in the marketplace. 
Many of these issues can be addressed through the manner 
in which a microcontrollers instruction set handles process- 
ing tasks. And that’s why COP8 family offers a unique and 
code-efficient instruction set— one that provides the flexibil- 
ity, functionality, reduced costs and faster time to market that 
today’s microcontroller based products require. 


Code efficiency is important because it enables designers to 
pack more on-chip functionality into less program memory 
space. Selecting a microcontroller with less program 
memory size translates into lower system costs, and the 
added security of knowing that more code can be packed 
into the available program memory space. 


1.2.1 Key Instruction Set Features | 


The COP8 family incorporates a unique combination of in- 
struction set features, which provide designers with optimum 
code efficiency and program memory utilization. 


Single Byte/Single Cycle Code Execution 


The efficiency is due to the fact that the majority of instruc- 
tions are of the single byte variety, resulting in minimum pro- 
gram space. Because compact code does not occupy a sub- 
stantial amount of program memory space, designers can 
integrate additional features and functionality into the micro- 
controller program memory space. Also, the majority instruc- 
tions executed by the device are single cycle, resulting in 
minimum program execution time. In fact, 77% of the instruc- 
tions are single byte single cycle, providing greater code and 
I/O efficiency, and faster code execution. 


1.2.2 Many Single-Byte, Multifunction Instructions 


The COP8 instruction set utilizes many single-byte, multi- 
function instructions. This enables a single instruction to ac- 
complish multiple functions, such as DRSZ, DCOR, JID, LD 
(Load) and X (Exchange) instructions with post-incrementing 
and post-decrementing, to name just a few examples. In 
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many cases, the instruction set can simultaneously execute 
as many as three functions with the same single-byte in- 
struction. | 


JID: (Jump Indirect); Single byte instruction; decodes exter- 
nal events and jumps to corresponding service routines 
(analogous to “DO CASE” statements in higher level lan- 
guages). | 

LAID: (Load Accumulator-Indirect); Single byte look up table 
instruction provides efficient data path from the program 
memory to the CPU. This instruction can be used for table 
lookup and to read the entire program memory for checksum 
calculations. 


RETSK: (Return Skip); Single byte instruction allows return 
from subroutine and skips next instruction. Decision to 
branch can be made in the subroutine itself, saving code. 


AUTOINC/DEC: (Auto-Increment/Auto-Decrement); These 
instructions use the two memory pointers B and X to effi- 
ciently process a block of data (analogous to “FOR NEXT” in 
higher level languages). 


1.2.3 Bit-Level Control 


Bit-level contro! over many of the microcontroller’s I/O ports 
provides a flexible means to ease layout concerns and save 
board space. All members of the COP8 family provide the 
ability to set, reset and test any individual bit in the data 
memory address space, including memory-mapped I/O ports 
and associated registers. 


1.2.4 Register Set 


Three memory-mapped pointers handle register indirect ad- 
dressing and software stack pointer functions. The memory 
data pointers allow the option of post-incrementing or post- 
decrementing with the data movement instructions (LOAD/ 
EXCHANGE). And 15 memory-maped registers allow de- 
signers to optimize the precise implementation of certain 
specific instructions. 


1.3 EMI REDUCTION 


The COP8SGx5 family of devices incorporates circuitry that 
guards against electromagnetic interference — an increasing 
problem in today’s microcontroller board designs. National's 
patented EMI reduction technology offers low EMI clock cir- 
cuitry, gradual turn-on output drivers (GTOs) and internal loc 
smoothing filters, to help circumvent many of the EMI issues 
influencing embedded control designs. National has 
achieved 15 dB—20 dB reduction in EMI transmissions when 
designs have incorporated its patented EMI reducing cir- 
cuitry. 


1.4 PACKAGING/PIN EFFICIENCY 


Real estate and board configuration considerations demand 
maximum space and pin efficiency, particularly given today’s 
high integration and small product form factors. Microcontrol- 
ler users try to avoid using large packages to get the I/O 
needed. Large packages take valuable board space and in- 
creases device cost, two trade-offs that microcontroller de- 
signs can ill afford. 

The COP8 family offers a wide range of packages and do not 
waste pins: up to 90.9% (or 40 pins in the 44-pin package) 
are devoted to useful I/O. 


Connection Diagrams 
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G65/SK 
G64/S0 
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41 40 39 38 37 
G7/CKO RESET 


CK 
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1 
2 
3 
4 
5 
6 
7 
8 
9 





1 

2 
3 
4 
n) 
6 
7 
8 
9 
1 

1 


=- Oo 


DS101317-4 
Note 1: X = E for 8k, G for 16k, 
H for 20k, K for 24k, R for 32k 
Y = 5 for ROM, 7 for OTP 
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Top View Top View 
Order Number COP8SGXY28M8 Order Number COP8SGR7HLQS8 
See NS Package Number M28B Erie eee See NS Package Number LQA44A 
Order Number COP8SGXY28N8 Top View 
See NS Package Number N28B Order Number COP8SGXY40N8 
Order Number COP8SGR728Q3 See NS Package Number N40A 
See NS Package Number D28JQ Order Number COP8SGR540Q3 


See NS Package Number D40KQ 


G7/CKO 
G6/S|I 
G5/SK 
G4/S0 
G3/TIA 
G2/T1B 
G1/WD 


C3 

C2 

C1 

CO 
G2/T1B 
G1/WD 


G7/CKO 
G6/S|I 
G5/SK 
G4/S0 
G3/TIA 


C3 
C2 
C1 
co 


41 40 39 38 37 


—_= 


GO/INT 
RESET 
GND 
D7 

D6 

DS 

D4 

D3 

D2 

D1 

DO 


oO on Dm oO SP W bP 


—= 
—_— © 


18 19 20 21 22 23 24 25 26 27 28 
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Top View 
Order Number COP8SGXY44V8 
See NS Package Number V44A 
Order Number COP8SGR744J3 
See NS Package Number EL44C 


FIGURE 2. Connection Diagrams 


Top View 
Order Number COP8SGXYVEJ8 
See NS Package Number VEJ44A 
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COP8SG Family 


Connection Diagrams (continued) 
Pinouts for 28 -, 40- and 44-Pin Packages 


aa SS 28-PinSO | 40-Pin DIP | 44-PinPLCC | 44-PinPQFP | 44-Pin CSP 


MIWU 
MIWU or CKX 
MIWU or TDX 
MIWU or RDX 
MIWU or T2A 
MIWU or T2B 
MIWU or T3A 
MIWU or T3B 
INT 
WDOUT* 
T1B 
TIA 
SO 

| SK 
SI 


| 

| 

O 
O 
O 
O 
O 
O 
O 
O 


COMP1IN- 
COMP1IN+ 
COMP10UT 
COMP2IN- 
COMP2IN+ 
COMP20UT 








* G1 operation as WDOUT is controlled by ECON bit 2. 
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2.1 Ordering Information 


COP8 XX B 7 20N 8 XXX 


8-Bit Control Oriented | ~ Le Rom Code 

Processor 
Feature Indicator Temp Range: 
Memory Size: 3 = Room Temp, 





only for lab use 





A = 1k G = 16k 6 = Extended (-55° to +125°) 
B = 2k H = 20k 7 = Automotive (-40° to +125°) 
C = 4k K = 24k 8 = Industrial (-40° to +85°) 
E = a R = 32k 9 = Commercial (0° to +70°) 
cen ee Pin Count end Package Type: 

D = Ceramic DIP 
5 = ROM L = Ceramic PLCC 
6 = Mask RAM M = SOIC 
7 = OTP/EPROM N = DIP 
9 = EEPROM/FLASH Q = Windowed 
0 = ROMless Package DIP 

V = PLCC 


DIE = Scribed Die 
DWF = Die in Wafer Form 
VEJ = 44-pin PQFP 
DS101317-8 


FIGURE 3. Part Numbering Scheme 
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COP87L88FH 


AY national Semiconductor 


COP87L88FH 


8-Bit CMOS OTP Microcontrollers with 16k Memory, 
Comparators, USART and Hardware Multiply/Divide 


General Description 


The COP87L88FH OTP (One Time Programmable) micro- 
controllers are highly integrated COP8™ Feature core de- 
vices with 16k memory and advanced features including 
Analog comparators, and Hardware Multiply/Divide. These 
multi-chip CMOS devices are suited for applications requir- 
ing a full featured controller with comparators, a full-duplex 
USART, and hardware multiply/divide functions, and as 
pre-production devices for a masked ROM design. Lower 
cost pin and software compatible 12k ROM versions are 
available (COP888Fh), as well as a range of COP8 software 
and hardware development tools. 


[Devices | Memory bytes) | RAM (bytes) 


512 24 
512 36/40 


COP87L84FH 
COP87L88FH 


16k OTP EPROM 
16k OTP EPROM 





Key Features 
@ Hardware Multiply/Divide Functions 
@ Full duplex USART 
m= Three 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor Independent PWM mode 
—— External Event counter mode 
— Input Capture mode 
@ 16 kbytes on-board EPROM with security features 
m 512 bytes on-board RAM 


Additional Peripheral Features 

idle Timer 

Multi-Input Wakeup (MIWU) with optional interrupts (8) 
Two analog comparators 

WATCHDOG and Clock Monitor logic 
MICROWIRE/PLUS serial I/O 


I/O Features 
m= Software selectable I/O options ( TRI-STATE® , 
Push-Pull, Weak Pull-Up, and High Impedance) 
m Schmitt trigger inputs on ports G and L 
m Packages: 
— 40 DIP with 36 I/O pins 
— 44 PLCC with 40 I/O pins 
— 28 DIP/SO with 24 I/O pins 
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Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI (-XE = crystal oscillator; -TE = external 
clock) with 1us instruction cycle, hardware multiply/divide 
functions, three multi-function 16-bit timer/counters with 
PWM, full duplex USART, MICROWIRE/PLUS™, two Analog 
comparators, two power saving HALT/IDLE modes, MIWU, 
idle timer, WATCHDOG™ and clock monitor logic, low EMI 
2.7V to 5.5V operation, and 28/40/44 pin packages. 


Devices included in this data sheet are: 


-40 to +85°C 


-40 to +85°C 


Packages 
28 DIP/SOIC 


40 DIP, 44 PLCC 


CPU/Instruction Set Features 
m 1 us instruction cycle time 
= Fourteen multi-source vectored interrupts servicing 
— External Interrupt 
— Idle Timer TO 
— Three Timers (Each with 2 Interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— USART (2) 
— Default VIS (default interrupt) 
m Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP)—stack in RAM 
= Two 8-bit Register Indirect Data Memory Pointers 
(B and X) 


Fully Static CMOS 


m™ Two power saving modes: HALT and IDLE 
m@ Single supply operation: 2.7V—5.5V 
m™ Temperature ranges: —40°C to +85°C 


Development Support 
= Emulation device for COP888FH 


= Real time emulation and full program debug offered by 
MetaLink Development System 
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Block Diagram 
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FIGURE 1. COP87L88FH Block Diagram 
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COP87L88FH 


Connection Diagrams 


7 pete Chip caret Dual-In-Line Package 


CKO/G7 


C2 
Cc 
co 
G3 
G2 
G 


663 8 
5 4 3 2 1 44 43 42 41 40 
39 GO 
38 = RESET 
37 |= GND 
36 f— D7 
35 I D6 
34,—D5 
33 D4 
32-—D3 
31} D2 
30} D1 


; 29 f= DO 
18 19 20 21 22 23 24 25 26 27 28 


1 
2 
3 
4 
5 
6 
7 
8 





Lae] + oO Oo MM 
—! a at at oH 


= 
a 5 


eo DS101135-2 
Top View 
Order Number COP87L88FHV-XE/TE 
See NS Plastic Chip Package Number V44A 





DS101135-3 


Top View Order 
Number COP87L88FHN-XE/TE 
See NS Molded Package Number N40A 


Dual-In-Line Package 


CKO/G7 


Te DIP/SO 
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Order Number COP87L84FHM-XE/TE, or COP87L84FHN-XE/TE 
See NS Molded Package Number M28B or N28B 


Note: -X Crystal Oscillator 
-T External Clock 
-E Halt Mode Enable 
FIGURE 2. Connection Diagrams 
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Connection Diagrams (Continued) 


Pinouts for 28-, 40- and 44-Pin Packages 


Type 28-Pin 40-Pin 44-Pin 
yP Pack. Pack. Pack. 
LO VO 11 | 


Hj881Z8d09 





TIA 

SO 

SK 

Sl 

HALT Restart 


COMP1IN- 
COMP1IN+ 
COMP10UT 
COMP2IN- 
COMP2IN+ 
COMP20UT 
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COP87L84BC 


COP87L84BC 


AY national Semiconductor 


8-Bit CMOS OTP Microcontrollers with 16k Memory, 
Comparators, and CAN Interface 


General Description 


The COP87L84BC OTP (One Time Programmable) micro- 
controllers are highly integrated COP8™ Feature core de- 
vices with 16k OTP EPROM memory and advanced features 
including a CAN 2.0B (passive) interface and two Analog 
comparators. These multi-chip CMOS devices are suited for 
applications requiring a full featured controller with a CAN in- 
terface, and 8-bit 39 KHz PWM timer, and as pre-production 
devices for a masked ROM design. Pin and software com- 
patible 2k ROM versions are available (COP884BC) with a 
range of COP8 software and hardware development tools. 


[Device [Memory (ytes) | RAW (bytes) | 10 Pina 


Features include an 8-bit memory mapped architecture, 10 
MHz CK! (-XE = crystal oscillator) with 1ps instruction cycle, 
one multi-function 16-bit timer/counter, 8-bit 39 kHz PWM 
timer with 2 outputs, CAN 2.0B (passive) interface, 


-MICROWIRE/PLUS™ serial I/O, two Analog comparators, 


two power saving HALT/IDLE modes, idle timer, MIWU, soft- 
ware selectable I/O options, low EMI 4.5V to 5.5V operation, 
and 28 pin packages. 


Note: The companion devices with CAN interface, more I/O 
and memory, A/D, and USART are the COP87L88EB/RB. 


Device included in this datasheet is: 


Temperature 


COP87L84BC 16k OTP EPROM 28 SOIC -40 to +85°C 


Key Features 

= CAN 2.0B (passive) Interface 

m One 16-bit timer, with two 16-bit registers supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 

m@ High speed, constant resolution 8-bit PWM/frequency 
monitor timer with 2 output pins 

m 16 kbytes on-board OTP EPROM with security feature 

m 64 bytes on-board RAM 


Additional Peripheral Features 


= Idle Timer 


®@ Multi-Input Wake Up (MIWU) with optional interrupts (7) 


m Two analog comparators 
= MICROWIRE/PLUS serial I/O 


I/O Features 

™ Memory mapped I/O 

m= Software selectable I/O options (TRI-STATE® Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 
Input) 

m= Schmitt trigger inputs on ports G and L 

m Packages: 28 SO with 18 I/O pins 
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CPU/Instruction Set Features 


m 1 us instruction cycle time 
m Eleven multi-source vectored interrupts servicing 
— External Interrupt 
— Idle Timer TO 
— Timer T1 (with 2 Interrupts) 
— MICROWIRE/PLUS 
— Multi-input Wake Up 
— Software Trap 
— PWM Timer 
— CAN Interface (with 3 interrupts) 
a Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP)—stack in RAM 
m= Two 8-bit Register Indirect Data Memory Pointers 
(B and X) 


Fully Static CMOS 

m™ Two power saving modes: HALT and IDLE 
m Single supply operation: 4.5V—5.5V 

m Temperature ranges: —40°C to +85°C 


Development Support 


m Emulation device for COP884BC/COP885BC 
m= Real time emulation and full program debug offered by 
MetaLink Development Systems 
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Block Diagram 


COP888CORE 
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FIGURE 1. Block Diagram 
Connection Diagrams Pinouts for 28-Pin SO ee 


G4/S0 
G5/SK 
G6/S| 

G7 /CKO 

CKl 

Voc 
LO/CMP1IN+ 
L1/CMP1IN- 
L2/CMP10UT 
L3/CMP2IN- 
L4/CMP2IN+ 


L5/CMP2IN-/PWM 1 


L6/CMP20UT / 
PWMO/CAPTIN 


TX1 


aon OO OO mR NO NOU 


CMP1IN+/MIWU 
CMP1IN—/MIWU 
CMP10UT/MIWU 
CMP2IN-/MIWU 
CMP2IN+/MIWU 
CMP2iN-/PWM1/MIWU 





CMP2OUT/PWM0/ 
CAPTIN/MIWU 


DS101137-2 


Note:X = Crystal Oscillator 
E = Halt Mode Enabled 
Top View 
Order Number COP87L84BCM-XE 
See NS Package Number M28B 


FIGURE 2. Connection Diagrams 
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COP87L88RB/COP87L89RB 


A vationat Semiconductor. 


COP87L88EB/RB Family © 


8-Bit CMOS OTP Microcontrollers with 16k or 32k 
Memory, CAN Interface, 8-Bit A/D, and USART 


General Description 


The COP87L88EB/RB Family OTP (One Time program- 
mable) microcontrollers are highly integrated COP8™ Fea- 
ture core devices with 16k or 32k memory and advanced 
features including a CAN 2.0B (passive) interface, A/D and 


USART. These multi-chip CMOS devices are suited for appli- |. 


cations requiring a full featured controller with a CAN inter- 
face, low EMI, and versatile communications interfaces, and 
as pre-production devices for ROM designs. Pin and soft- 
ware compatible 8k ROM versions (COP888EB) are avail- 


able as well as a range of COP8 software and hardware de-. 


velopment tools. 





COP87L88EB 
COP87L89EB 
COP87L88RB 
COP87L89RB 


16k OTP EPROM 
16k OTP EPROM 
32k OTP EPROM 
32k OTP EPROM 


192 
192 
192 
192 




















Key Features 

= CAN 2.0B (passive) bus interface, with Software Power 
save mode 

8-bit A/D Converter with 8 channels 

Fully buffered USART 

Multi-input wake up (MIWU) on both Port L and M 

SPI Compatible Master/Slave Interface 

16 or 32 kbytes of on-board OTP EPROM with security 
feature 


Note: Mask ROMed device with equivalent on-chip features and program 
memory size of 8k is available. 


m 192 bytes of on-board RAM 


Additional Peripheral Features 

m Idle timer (programmable) 

= Two 16-bit timer, with two 16-bit registers supporting 
— Processor independent PWM mode 
— External Event counter mode 
— Input capture mode 

mg WATCHDOG™ and Clock Monitor 

m= MICROWIRE/PLUS serial I/O 


I/O Features 

= Software selectable /O options (TRI- -STATE® outputs, 
Push pull outputs, Weak pull up input, High Mpegance: 
input) 

# Schmitt trigger inputs on Port G, L and M 

m Packages: 44 PLCC with 35 I/O pins; 
68 PLCC with 58.1/O pins 
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[Device [Memory (ytes) | RAM (bytes) | VO Pins 





Features include an 8-bit memory riebped architecture, 10 


‘MHz CKI (-XE = crystal oscillator) with 1s instruction cycle, 


two multi-function 16-bit timer/counters, WATCHDOG and 
clock monitor, idle timer, CAN 2.0B (passive) interface, 
MICROWIRE/PLUS™ serial I/O, SPI master/slave interface, 
fully buffered USART, 8 bit A/D with 8 channels, two power 
saving HALT/IDLE modes, MIWU, software selectable I/O 
options, low EMI 4.5V to 5.5V operation, program code se- 
curity, and 44/68 pin packages. 


Note: A companion device with CAN interface, less I/O and 
memory, A/D, and PWM timer is the COP87L84BC. 


Devices included in this datasheet are: 







-40 to +85°C 
-40 to +85°C 
-40 to +85°C 
-40 to +85°C 


44 PLCC 
~ 68 PLCC 

44 PLCC 
68 PLCC 


35 
58 
35 




























CPU/Instruction Set Features 


= 1 us instruction cycle time 


_ ™@ Fourteen multi-sourced vectored interrupts Senvicing 


— External interrupt 

—Idle Timer TO — 

— Timers (T1 and T2) (4 Interrupts) © 
— MICROWIRE/PLUS and SPI 

— Multi-input Wake up 

— Software Trap © 

— CAN interface (3 interrupts) 

— USART (2 Inputs) 


_ ™ Versatile easy to use instruction set 


m 8-bit stacker pointer (SP) (Stack in RAM) 
= Two 8-bit RegisterR Indirect Memory Pointers (B, X) 


Fully Static CMOS 


m Two power saving modes: HALT, IDLE 
m Single supply operation: 4.5V to 5.5V 
m™ Temperature range: —40°C to +85°C 


-~ Development Support 


= Emulation device for COP888EB 


_ @ Real time emulation and full program debug offered by 


MetaLink Development System 
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Basic Functional Description — CAN Interface Wake-up (MSB) 


— Tj D i 
m CAN I/F —CAN serial bus interface block as described neers oF SutpuPeperding onmode 
in the CAN specification part 2.0B (Passive) 


— Interface rates up to 250k bit/s are supported utilizing = eee 
standard message identifiers ave select Expa 


= Programmable double buffered USART m Two 16-bit multi-function Timer counters (T1 and T2) 


; ae plus supporting registers 
m A/D—8-bit, 8 channel, 1-LSB Resolution, with improved — (/P Capture, PWM and Event Counting) 


Source Impedance and improved channel to channel 
cross talk immunity 

m@ Multi-lnput-Wake-Up (MIWU)—edge selectable wake-up 
and interrupt capability via input port and CAN interface 
(Port L, Port M and CAN I/F); supports Wake-Up 
capability on SPI, USART, and T2 

m= Port C—8-bit bi-directional I/O port 


m Idle timer—Provides a basic time-base counter, (with 
interrupt) and automatic wake up from IDLE mode 
programmable 

MICROWIRE/PLUS —MICROWIRE serial peripheral 
interface, supporting both Master and Slave operation 
HALT and IDLE— Software programmable low current 
modes 
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m Port D—8-bit Output port with high current drive — HALT—Processor stopped, Minimum current 
capability (10 mA) — IDLE—Processor semi-active more than 60% power 

mw Port F—8-bit bidirectional |/O saving 

= Port G—8-bit bidirectional I/O port, including alternate = 16 or 32 kbytes OTP EPROM and 192 bytes of on 
functions for: 7 board static RAM 
BAe ean ue ; = SPI Master/Slave interface includes 12 bytes Transmit 
— Timer 1 Input or Output (Depending on mode and 12 bytes Receive FIFO Buffers. Operates up to 1M 

selected) Bit/S 


— External Interrupt input 


— WATCHDOG Output m On board programmable WATCHDOG and CLOCK 


@ Port |—8-bit input port combining either digital input, or mounes 
up to eight A/D input channels . 2 

m Port L—8-bit bidirectional 1/O port, including alternate Applications 
functions for: @ Automobile Body Control and Comfort System 
— USART Transmit/Receive I/O m Integrated Driver Informaiton Systems 
— Multi-input-wake up (MIWU on all pins) m™ Steering Wheel Control 

m= Port M—8-bit I/O port, with the following alternate = Car Radio Control Panel 
function m= Sensor/Actuator Applications in Automotive and 
— SPI Interface Industrial Control 


— MIWU 


Block Diagram 


CLOCK 





HALT RESET COP888 CORE 
IDLE 
WATHDDG Praia eee ES 
16-BIT MICRO 
TIMER WIRE/ C E F G L M N D | 
8 BITS | 8 BITS | 8 BITS 7 8 BITS | 8 BITS | 8 BITS } 8 BITS | 8 BITS | 8 BITS 


INTERRUPT " PLUS 





192 aa 

oo evs _ 
ig a VERTER 
a eae 

ILLEGAL — ace 

COND P ICNTRL | 
DETECT L_Penais | UART 
MAR 





CPU REGISTERS 


Pe ee ee es ee eee eee se es ees ee ee ee ee 
cs ce ete sd Se ee 


DS100044-1 


FIGURE 1. Block Diagram 


3-85 www.national.com 
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Connection Diagrams (continued) 


Pinouts for 44-Pin and 68-Pin — 
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COP87L88CF 


COP87L88CF 


AQyationai Semiconductor 


8-Bit CMOS OTP Microcontrollers with 16k Memory and 


A/D Converter 


General Description 


The COP87L88CF OTP (One Time Programmable) micro- 
controllers are highly integrated COP8™ Feature core de- 
vices with 16k memory and advanced features including an 
A/D converter. These multi-chip CMOS devices are suited 
for applications requiring a full featured controller with an 
8-bit A/D converter, and as pre-production devices for a 
masked ROM design. Lower cost pin and software compat- 
ible 16k ROM versions are available (COP888CF) as well as 
a range of COP8 software and hardware development tools. 


Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI (-XE = crystal oscallator) with 1 Us instruc- 
tion cycle, two multi-function 16-bit timer/counters, 
MICROWIRE/PLUS™ serial I/O, one 8-bit/8-channel A/D 
converter with prescaler and both differential and single 
ended modes, two power saving HALT/IDLE modes, idle 
timer, MIWU, high current outputs, software selectable I/O 
options, WATCHDOG™ timer and Clock Monitor, 2.7V to 
5.5V operation and 28/40/44 pin packages. 


Devices included in this datasheet are: 


[Device | Memory (oytes) | RAM (bytes) | VO Pins 


COP87L84CF 
COP87L88CF 


16k OTP EPROM 
16k OTP EPROM 





Key Features 
m A/D converter (8-bit, 8-channel, with prescaler and both 
differential and single ended modes) 
m@ Two 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 
m™ 16 kbytes on-board OTP EPROM with security feature 
m 128 bytes on-board RAM 


Additional Peripheral Features 

m Idle Timer 

@ Multi-Input Wake Up (MIWU) with optional interrupts (8) 
m WATCHDOG and Clock Monitor logic 

m MICROWIRE/PLUS serial I/O 


I/O Features 

= Software selectable I/O options (TRI-STATE™ Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 
Input) 

m@ High current outputs 

m Packages: 
— 44 PLCC with 38 I/O pins 
— 40 DIP with 34 I/O pins 
— 28 DIP/SO with 22 I/O pins 
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128 24 
128 36/40 


m Schmitt trigger inputs on Port G 


28 DIP/SOIC | 


-40 to +85°C 
40 DIP, 44 PLCC : 


-40 to +85°C 


CPU/Instruction Set Feature 


m 71 us instruction cycle time 
m Ten multi-source vectored interrupts servicing 
— External interrupt with selectable edge 
— Idle Timer TO 
— Two Timers (Each with 2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS (default interrupt) 
m Versatile and easy to use instruction set 
m@ 8-bit Stack Pointer (SP)—stack in RAM 
m™ Two 8-bit Register Indirect Data Memory Pointers (B, X) 


Fully Static CMOS 

m™ Two power saving modes: HALT and IDLE 
m Single supply operation: 2.7V to 5.5V 

m= Temperature ranges: -40°C to +85°C 


Development Support 
a Emulation device for the COP888CF/COP884CF 


m= Real time emulation and full program debug offered by 
MetaLink Development System 
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COP87L88CF 


Connection Diagrams 


Plastic Chip Carrier _Dual-In-Line Package 
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Connection Diagrams (continued) 
Pinouts for 28-, 40-, and 44-Pin Packages 
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COP87L88GD/RD Family 


AY vationat Semiconductor 


COP87L88GD/RD Family — 3 
8-Bit CMOS OTP Microcontrollers with 16k or 32k 
Memory and 8-Channel A/D with Prescaler 


General Description 


The COP87L88GD/RD OTP (One Time: Programmable) | 


Family microcontrollers are highly integratet COP8™ Fea- 
ture core devices with 16k or 32k memory and advanced 
features including an A/D Converter. These multi-chip CMOS 
devices are suited for applications requiring a full featured 
controller with an 8-bit A/D converter, and as pre-production 
devices for a masked ROM design. Pin and software com- 
patible 16k ROM versions are available (COP888GD), as 
well as a range of COP8 software and hardware develop- 
ment tools. 





COP87L88GD 
COP87L88RD 


16k EPROM 





Key Features 

m™ 8-channel A/D converter with prescaler and both 
differential and single ended modes 

m Idle Timer with 5 selectable Wake-Up periods 

m Three 16-bit timers, each with two 16-bit registers 
supporting: — 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 

m™ 16 or 32 kbytes on-board OTP EPROM with security 
feature | 

m 256 bytes on-board RAM 


Additional Peripheral Features 

@ Multi-Input Wakeup (MIWU) with optional interrupts (8) 
m WATCHDOG and clock monitor logic 

m= MICROWIRE/PLUS serial I/O 


I/O Features 

m Memory mapped I/O 

= Software selectable I/O options (TRI-STATE® Output, 
Push-Pull Output, Weak Pull Up Input, High Impedance 
Input) 

= Schmitt trigger inputs on ports G and L | 


m Package: 
— 44 PLCC with 40 I/O pins 
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| Device _ Memory (bytes) RAM (bytes) 


' 256 40 44 PLCC 
32k EPROM 256 40 44 PLCC 


Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI (-XE = crystal oscillator) with 1ys instruc- 
tion cycle, three multi-function 16-bit timer/counters, 
MICROWIRE/PLUS™ serial I/O, one 8-bit/8-channel A/D 
converter with prescaler and both differential and single 
ended modes, two power saving HALT/IDLE modes, MIWU, 
idle timer, high current outputs, software selectable !/O op- 
tions, WATCHDOG™ timer and Clock Monitor, 2.7V to 5.5V 
operation, program code security, and 44 pin package. 


Devices included in this datasheet are: 


-40 to +85°C 
-40 to +85°C 










VO Pins 





CPU/Instruction Set Features , 


@™ 1 us instruction cycle time 
= Twelve multi-source vectored interrupts servicing 
— External Interrupt 
— Idle Timer TO | 
— Three Timers (each with 2 Interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS (default interrupt) 
m Versatile and easy to use instruction set 
m@ 8-bit Stack Pointer (SP) — stack in RAM 
m Two 8-bit Register Indirect Data Memory Pointers (B_ 
and X) 


Fully Static CMOS 

m Two power saving modes: HALT and IDLE 
m Single supply operation: 2.7V to 5.5V 

m= Temperature range: —40°C to +85°C 


Development Support 
m Emulation device for COP888GD 


m Real time emulation and full program debug offered by 
MetaLink Development System 
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FIGURE 1. Block Diagram 
Connection Diagrams 
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COP87L88GD/RD Family 


Connection Diagrams (continued) 


Pinouts for 40- and 44-Pin Packages 
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National Semiconductor 


COP87L88EK/RK Family 


8-Bit CMOS OTP Microcontrollers with 8k or 32k 
Memory, Comparator, and Single-slope A/D Capability 


General Description 


The COP87L88EK/RK Family OTP (One Time Program- 
mable) microcontrollers are highly integrated COP8™ Fea- 
ture core devices with 16k or 32k memory and advanced 
features including a  Multi-lnput Comparator and 
Single-slope A/D capability. These multi-chip CMOS devices 
are suited for applications requiring a full featured, low EMI 
controller with an analog comparator, current source, and 
voltage reference, and as pre-production devices for a 
masked ROM design. Lower cost pin and software compat- 
ible 8k ROM versions (COP888Ek) are available for use with 
a range of COP8 software and hardware development tools. 





COP87L84EK 
COP87L88EK 
COP87L84RK 
COP87L88RK 


16k OTP EPROM 
16k OTP EPROM 
32k OTP EPROM 
32k OTP EPROM 

















Key Features 


m Analog function block with 
— Analog comparator with seven input multiplexor 
— Constant current source and V.,/2 reference 
m Three 16-bit timers, each with two 16-bit registers 
supporting: 
— Processor Independent PWM mode 
— External Event counter mode 
— Input Capture mode 
8 or 32 kbytes on-board EPROM with security feature 
256 bytes on-board RAM 


Additional Peripheral Features 

m Idle Timer 

@ Multi-Input Wake Up (MIWU) with optional interrupts (8) 
m WATCHDOG and Clock Monitor logic 

= MICROWIRE/PLUS serial I/O 


1/O Features 


= Software selectable I/O options ( TRI-STATE™Output, 
Push-Pull Output, Weak Pull-Up Input, High Impedance 
Input) 

m Packages: 
— 44 PLCC with 40 I/O pins 
— 40 DIP with 36 I/O pins 
— 28 DIP/SO with 24 I/O pins 


[sevice [amy ves) [RAM ies) _[ 0 Pin 
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Family features include an 8-bit memory mapped architec- 
ture, 10 MHz CKI (-XE = crystal oscillator) with 1 ys instruc- 
tion cycle, three multi-function 16-bit timer/counters with 
PWM, MICROWIRE/PLUS™ serial I/O, one analog com- 
parator with seven input multiplexor, an analog current 
source and V,,/2 reference, two power saving HALT/IDLE 
modes, idle timer, MIWU, high current outputs, software se- 
lectable I/O options, WATCHDOG™ timer and Clock Monitor, 
2.7V to 5.5V operation and 28/40/44 pin packages. 


Devices included in this datasheet are: 








28 DIP/SOIC 
40 DIP, 44 PLCC 
28 DIP/SOIC 
40 DIP, 44 PLCC 


-40 to +85°C 
-40 to +85°C 
-40 to +85°C 
-40 to +85°C 



















= Schmitt trigger inputs on Port G and L 


CPU/Iinstruction Set Feature 


m™ 1 us instruction cycle time 
m Twelve multi-source vectored interrupts servicing 
— External Interrupt with selectable edge 
— Idle Timer TO 
— Three Timers (Each with 2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake Up 
— Software Trap 
— Default VIS (default interrupt) 
m= Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP)—stack in RAM 
= Two 8-bit Register Indirect Data Memory Pointers 
(B, X) 


Fully Static CMOS 


m= Two power saving modes: HALT and IDLE 
m Single supply operation: 2.7V to 5.5V 
m= Temperature ranges: —40°C to +85°C 


Development Support 
m Emulation devices for the COP888EK/COP884EK 


m Real time emulation and full program debug offered by 
MetaLink Development System 
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COP87L88EK/RK Family 


Block Diagram 
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Top View 
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FIGURE 2. Connection Diagrams 
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Connection Diagrams (continuea) 


Pinouts for 28-, 40-, and 44-Pin Packages 


Degeaee # | 28-Pin | 40-Pin | 44-Pin 
yP Pack. Pack. Pack. 
LO /O 11 17 17 
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COP87L88RW 


National Semiconductor 


8-Bit One-Time Programmable (OTP) Microcontroller 
with Pulse Train Generators and Capture Modules 


General Description 


The COP87L88RW OTP microcontrollers are large memory 
(32k), highly integrated COP8™ Feature core devices, with 
advanced features including including Pulse Train Genera- 
tors, Capture Modules, and hardware multiply/divide. These 
multi-chip CMOS devices are suited for applications requir- 
ing a full featured controller with high !/O pincount, pulse 
generation and capture, and a full-duplex USART, and for 
pre-production devices for ROM designs. Pin and software 
compatible 16k ROM versions are available (COP888GW), 
along with a range of COP8 software and hardware develop- 
ment tools. 


Device Memory (bytes) ices /O Pins 
512 


Family features include an 8-bit memory mapped architec- 
ture, 10MHz CKI with ius instruction cycle, hardware 
multiply/divide functions, two 100ns capture modules, four 
pulse train generators with 16 bit prescalers, two multi- 
function 16-bit timer/counters, idle timer, full-duplex USART, 
MICROWIRE/PLUS™ serial 1/0, two power saving HALT/ 
IDLE modes, MIWU, high current outputs, software select- 
able I/O options, 2.7v-5.5v operation, program code security, 
and 68 pin packages. 


Devices included in this datasheet are: 


Packages Temperature 


68 PLCC 





COP87L88RW 32kOTP =| 512 «| 64 


Key Features 
® Multiply/divide functions 
= Full duplex UART 
m= Four pulse train generators with 16-bit prescalers 
m Two 16-bit input capture modules with 8-bit prescalers 
= Two 16-bit timers, each with two 16-bit registers 
supporting 
— Processor independent PWM mode 
— External event counter mode 
— Input capture mode 
m 32 kbytes on-board OTP EPROM with security feature 


Note: Mask ROMed devices with equivalent on-chip features and pro- 
gram memory sizes of 16k is available. 


m 512 bytes on-board RAM 


Additional Peripheral Features 

m Idle Timer 

@ Multi-input Wake-Up (MIWV) with optional interrupts (8) 
# WATCHDOG™ and clock monitor logic 

= MICROWIRE/PLUS serial I/O 


/O Features 


m Memory mapped I/O 
@ Software selectable 1/O options 
— TRI-STATE® output 
— Push-pull output 
— Weak pull-up input 
— High impedance input 
= Schmitt trigger inputs on ports G and L 
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-40 to +85°C 


m Package: 68 PLCC with I/O pins 


CPU/Instruction Set Features 


@ 1 us instruction cycle time 
= Fourteen multi-source vectored interrupts servicing 
— External interrupt 
— Idle timer TO 
— Two timers (each with 2 interrupts) 
— MICROWIRE/PLUS 
— Multi-Input Wake-Up 
— Software trap 
— UART (2) 
— Default VIS 
— Capture timers 
— Counters (one vector for all four counters) 
m= Versatile and easy to use instruction set 
m 8-bit Stack Pointer (SP)—stack in RAM 
= Two 8-bit register indirect data memory pointers 
(B and X) 


Fully Static CMOS 
m Two power saving modes: HALT and IDLE 


m Single supply operation: 2.7V to 5.5V 
m= Temperature range: —40°C to +85°C 


Development Support 
# Emulation device for the COP888GW 


= Real time emulation and full program debug offered by 
MetaLink’s Development System 
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FIGURE 1. COP87L88RW Block Diagram 
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Connection Diagram 


Note: -X Crystal Oscillator 
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FIGURE 2. Connection Diagram 
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National Semiconductor 


COP8SBR9/COP8SCR9/COP8SDR9 
8-Bit CMOS Flash Based Microcontroller with 32k 
Memory, Virtual EEPROM and Brownout 


General Description 


The COP8SBR9/SCR/SDR9 Flash based microcontrollers 
are highly integrated COP8™ Feature core devices, with 32k 
Flash memory and advanced features including Virtual EE- 
PROM, High Speed Timers, USART, and Brownout Reset. 
This single-chip CMOS device is suited for applications re- 
quiring a full featured, in-system reprogrammable controller 
with large memory and low EMI. The same device is used for 
development, pre-production and volume production with a 
range of COP8 software and hardware development tools. 


Family features include an 8-bit memory mapped architec- 
ture, in-system programmability (ISP), clock-doubled 


RAM 
(bytes) 





Program 
Memory 
(bytes) 






Key Features 

32 kbytes Flash Program Memory with Security Feature 
Virtual EEPROM using Flash Program Memory 

1 kbyte volatile RAM 

USART 

In-System Programmability of Flash Memory 


Dual Clock Operation providing Enhanced Power Save 
Modes 


Other Features 


m Three 16-bit timers: 

— Timers T2 and T3 can operate at high speed (50 ns 
resolution) 

— Processor Independent PWM mode 

— External Event counter mode 

— Input Capture mode 

Brown-out Reset (COP8SBR9/CCR) 

Single supply operation: 2.7V—5.5V 

Quiet Design (low radiated emissions) 

Multi-Input Wake-up with optional interrupts 

MICROWIRE/PLUS (Serial Peripheral Interface 

Compatible) 

m™ Clock Doubler for 20 MHz operation from 10 MHz 
Oscillator 
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Brownout 
Voltage 


COP8SBR9 | 32k Flash Memory 2.7Vt02.9V | 39,63 | 44/68PLCC | -40°C to +85°C 
COP8SCR9 | 32k Flash Memory 4.17V to 4.5V | 39,63 | 44/68PLCC | -40°C to +85°C 
COP8SDR9 | 32k Flash Memory 39,63 | 44/68PLCC | -40°C to +85°C 


10 MHz CKI for 20 MHz operation with 0.5 ps instruction 
cycle, dual clock operation for reduced power consumption, 
Virtual EEPROM using Flash Memory to store data, three 
multi-function 16-bit timer/counters (two with 50 ns resolu- 
tion), programmable idle timer with MIWU, USART with 
on-chip Baud Rate Generator, MICROWIRE/PLUS™ serial 
/O, two power saving HALT/IDLE modes, Schmitt trigger in- 
puts, software selectable I/O options, WATCHDOG™ timer 
and Clock Monitor, Low EMI 2.7V—5.5V operation with 
Brownout Reset, and 44/68 pin packages. 


/O 
Packa Temperature 
Pins ackages peratur 










m™ Thirteen multi-source vectored interrupts servicing: 
— External Interrupt 

— USART (2) 

— Idle Timer TO 

— Three Timers (each with 2 interrupts) 

— MICROWIRE/PLUS Serial peripheral interface 
— Multi-Input Wake Up 

— Software Trap 

Idle Timer with programmable interrupt interval 
8-bit Stack Pointer SP (stack in RAM) 

Two 8-bit Register Indirect Data Memory Pointers 
True bit manipulation 

WATCHDOG and Clock Monitor logic 

Software selectable |/O options 

— TRI-STATE® Output/High Impedance Input 

— Push-Pull Output 

— Weak Pull Up Input 

Schmitt trigger inputs on I/O ports 

High Current I/Os 

Temperature range: —40°C to +85°C 

Packaging: 44 and 68 PLCC 

True In-System, Real time emulation and full program 
debug offered by MetaLink’s Development Systems 
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Block Diagram 


yC 8 BIT CORE 
MODIFIED HARVARD 
ARCHITECTURE 
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Connection Diagrams 
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Connection Diagrams (Continuea) 


Pinouts for 44- and 68-Pin Packages 
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Connection Diagrams (continued) 
Pinouts for 44- and 68-Pin Packages (Continued) 








A6 52 
BO 34 
B1 35 
B2 36 
B3 37 
B4 38 
B5 39 
B6 40 
B7 41 
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F2 9 
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a. G1 operation as WDOUT is controlled by Option Register bit 2. 


Ordering Information 


| _COPeaBRInYAS 
Family Indicator | L__temperature 
Feature Set Indicator 8=-40°C to +85°C 
pragre’ Memory Size Package Type 
VA = PLCC 
R= 32k 
No. of Pins 
Program Memory Type 
9=F| H= 44 iy 
= Flash L=68 P 
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FIGURE 1. Part Numbering Scheme 
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1.0 General Description 


1.1 EMI REDUCTION 


The COP8SBR9/CCR/CDR devices incorporate circuitry 
that guards against electromagnetic interference - an in- 
creasing problem in today’s microcontroller board designs. 
National’s patented EMI reduction technology offers low EMI 
clock circuitry, gradual turn-on output drivers (GTOs) and in- 
ternal Icc smoothing filters, to help circumvent many of the 
EMI issues influencing embedded control designs. National 
has achieved 15 dB—20 dB reduction in EMI transmissions 
when designs have incorporated its patented EMI reducing 
circuitry. 


1.2 IN-SSYSTEM PROGRAMMING AND VIRTUAL 
EEPROM 


The device includes a program in a boot ROM that provides 
the capability, through the MICROWIRE/PLUS serial inter- 
face, to erase, program and read the contents of the Flash 
memory. 


Additional routines are included in the boot ROM, which can 
be called by the user program, to enable the user to custom- 
ize in system software update capability if MICROWIRE/ 
PLUS is not desired. 


Additional functions will copy blocks of data between the 
RAM and the Flash Memory. These functions provide a vir- 
tual EEPROM capability by allowing the user to emulate a 
variable amount of EEPROM by initializing nonvolatile vari- 
ables from the Flash Memory and occasionally restoring 
these variables to the Flash Memory. 


The contents of the boot ROM have been defined by Na- 
tional. Execution of code from the boot ROM is dependent 
on the state of the FLEX bit in the Option Register on exit 
from RESET. If the FLEX bit is a zero, the Flash Memory is 
assumed to be empty and execution from the boot ROM be- 
gins. For further information on the FLEX bit, refer to Section 
4.5, Option Register. 


1.3 DUAL CLOCK AND CLOCK DOUBLER 


The device includes a versatile clocking system and two os- 
cillator circuits designed to drive a crystal or ceramic resona- 
tor. The primary oscillator operates at high speed up to 
10 MHz. The secondary oscillator is optimized for operation 
at 32.768 kHz. 


The user can, through specified transition sequences 
(please refer to 7.0 Power Saving Features), switch execu- 
tion between the high speed and low speed oscillators. The 
unused oscillator can then be turned off to minimize power 
dissipation. If the low speed oscillator is not used, the pins 
are available as general purpose bidirectional ports. 


The operation of the CPU will use a clock at twice the fre- 
quency of the selected oscillator (up to 20 MHz for high 
speed operation and 65.536 kHz for low speed operation). 
This doubled clock will be referred to in this document as 
‘MCLK’. The frequency of the selected oscillator will be re- 
ferred to as CKI. Instruction execution occurs at one tenth 
the selected MCLK rate. 


1.4 TRUE IN-SYSTEM EMULATION 


On-chip emulation capability has been added which allows 
the user to perform true in-system emulation using final pro- 
duction boards and devices. This simplifies testing and 
evaluation of software in real environmental conditions. The 
user, merely by providing for a standard connector which can 
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be bypassed by jumpers on the final application board, can 
provide for software and hardware debugging using actual 
production units. 


1.5 ARCHITECTURE 


The COP8 family is based on a modified Harvard architec- 
ture, which allows data tables to be accessed directly from 
program memory. This is very important with modern 
microconiroller-based applications, since program memory 
is usually ROM or EPROM, while data memory is usually 
RAM. Consequently constant data tables need to be con- 
tained in non-volatile memory, so they are not lost when the 
microcontroller is powered down. In a modified Harvard ar- 
chitecture, instruction fetch and memory data transfers can 
be overlapped with a two stage pipeline, which allows the 
next instruction to be fetched from program memory while 
the current instruction is being executed using data memory. 
This is not possible with a Von Neumann single-address bus 
architecture. 


The COP8 family supports a software stack scheme that al- 
lows the user to incorporate many subroutine calls. This ca- 
pability is important when using High Level Languages. With 
a hardware stack, the user is limited to a small fixed number 
of stack levels. 


1.6 INSTRUCTION SET 


In today’s 8-bit microcontroller application arena cost/ 
performance, flexibility and time to market are several of the 
key issues that system designers face in attempting to build 
well-engineered products that compete in the marketplace. 
Many of these issues can be addressed through the manner 
in which a microcontroller’s instruction set handles process- 
ing tasks. And that’s why the COP8 family offers a unique 
and code-efficient instruction set - one that provides the flex- 
ibility, functionality, reduced costs and faster time to market 
that today’s microcontroller based products require. 


Code efficiency is important because it enables designers to 
pack more on-chip functionality into less program memory 
space (ROM, OTP or Flash). Selecting a microcontroller with 
less program memory size translates into lower system 
costs, and the added security of knowing that more code can 
be packed into the available program memory space. 


1.6.1 Key Instruction Set Features 


The COP8 family incorporates a unique combination of in- 
struction set features, which provide designers with optimum 
code efficiency and program memory utilization. 


1.6.2 Single Byte/Single Cycle Code Execution 


The efficiency is due to the fact that the majority of instruc- 
tions are of the single byte variety, resulting in minimum pro- 
gram space. Because compact code does not occupy a sub- 
stantial amount of program memory space, designers can 
integrate additional features and functionality into the micro- 
controller program memory space. Also, the majority instruc- 
tions executed by the device are single cycle, resulting in 
minimum program execution time. In fact, 77% of the instruc- 
tions are single byte single cycle, providing greater code and 
i/O efficiency, and faster code execution. 


1.6.3 Many Single-Byte, Multi-Function Instructions 


The COP8 instruction set utilizes many single-byte, multi- 
function instructions. This enables a single instruction to ac- 
complish multiple functions, such as DRSZ, DCOR, JID, LD 
(Load) and X (Exchange) instructions with post-incrementing 
and post-decrementing, to name just a few examples. In 
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1.0 General Description (continued): 


many cases, the instruction set can simultaneously execute 
as many as three functions with the same single-byte in- 
struction. . 


JID: (Jump Indirect); Single byte instruction decodes exter- 
nal events and jumps to corresponding service routines 
(analogous to “DO CASE” statements in higher level lan- 
guages). 

LAID: (Load Accumulator-Indirect); Single byte look up table 
instruction provides efficient data path from the program 
memory to the CPU. This instruction can be used for table 
lookup and to read the entire program memory for checksum 
calculations. . 


RETSK: (Return Skip); Single byte instruction allows return 
from subroutine and. skips next instruction. Decision to 
branch can be made in the subroutine itself, saving code. 


AUTOINC/DEC: (Auto-Increment/Auto-Decrement); These 
instructions use the two memory pointers B and X to effi- 
ciently process a block of data (simplifying “FOR NEXT” or 
other loop structures in higher level languages). 


1.6.4 Bit-Level Control 


Bit-level control over many of the microcontroller’s I/O ports 
provides a flexible means to ease layout concerns and save 
board space. All members of the COP8 family provide the 
ability to set, reset and test any individual bit in the data 
memory address space, including memory-mapped I/O ports 
and associated registers. 


1.6.5 Register Set 


Three memory-mapped pointers handle register indirect ad- 
dressing and software stack pointer functions. The memory 
data pointers allow the option of post-incrementing or post- 
decrementing with the data movement instructions (LOAD/ 
EXCHANGE). And 15 memory-mapped registers allow de- 
signers to optimize the precise implementation of certain 
specific instructions. 


1.7 PACKAGING/PIN EFFICIENCY 


Real estate and board configuration considerations demand 
maximum space and pin efficiency, particularly given today’s 
high integration and small product form factors. Microcontrol- 
ler users try to avoid using large packages to get the I/O 
needed. Large packages take valuable board space and in- 
creases device cost, two trade-offs that microcontroller de- 
signs can ill afford. 

The COP8 family offers a wide range of packages and do not 
waste pins: up to 90.9% (or 40 pins in the 44-pin package) 
are devoted to useful I/O. 
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LM1875 | | 
20W Audio Power Amplifie 


General Description Features 


The LM1875 is a monolithic power amplifier offering very low & Up to 30 watts output power 
distortion and high quality performance for consumer audio ® Avo typically 90 dB 
applications. Low distortion: 0.015%, 1 kHz, 20 W 
The LM1875 delivers 20 watts into a 4Q or 8Q load on +25V Wide power bandwidth: 70 kHz 
supplies. Using an 8Q load and +30V supplies, over 30 Protection for AC and DC short circuits to ground 
watts of power may be delivered. The amplifier is designed Thermal protection with parole circuit 
to operate with a minimum of external components. Device High current capability: 4A 
overload protection consists of both internal current limit and Wide supply range 16V-60V 
thermal shutdown. ; ; 
. ae Internal output protection diodes 
The LM1875 design takes advantage of advanced circuit fake 
: ' ; 94 dB ripple rejection 
techniques and processing to achieve extremely low distor- Plasti k 10-220 
tion levels even at high output power levels. Other outstand- GR pe ha EAU OR. 
ing features include high gain, fast slew rate and a wide . e 
power bandwidth, large output voltage swing, high current Applications 
capability, and a very wide supply range. The amplifier is in- High performance audio systems 
ternally compensated and stable for gains of 10 or greater. Bridge amplifiers 
Stereo phonographs 
Servo amplifiers 
Instrument systems 


~Connection Diagram Typical Applications 


+Vec 


Cy 100 pF 





DS005030-1 


Front View 


: NSC Package 
P 
ackage Ordering Info Number 


ViN 








For Stagger Bend LM1875T TO5D 
LBO3 

For 90° Stagger Bend LM1875T TO5E 
LBO5 

For 90° Stagger Bend LM1875T TAO5B 

ree Secret | Moe | 
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National Semiconductor 


LM1876 Overture™ Audio Power Amplifier Series 
Dual 20W Audio Power Amplifier with Mute and Standby 


Modes 


General Description 


The LM1876 is a stereo audio amplifier capable of delivering 
typically 2OW per channel of continuous average output 
power into a 4Q or 8Q load with less than 0.1% THD+N. 


Each amplifier has an independent smooth transition fade-in/ 
out mute and a power conserving standby mode which can 
be controlled by external logic. 


The performance of the LM1876, utilizing its Self Peak In- 
stantaneous Temperature (Ke) (SPiKe™) protection cir- 
cuitry, places it in a class above discrete and hybrid amplifi- 
ers by providing an inherently, dynamically protected Safe 
Operating Area (SOA). SPiKe protection means that these 
parts are safeguarded at the output against overvoltage, un- 
dervoltage, overloads, including thermal runaway and in- 
stantaneous temperature peaks. 


Typical Application 





3(1) OUTPUT 


Ry 
40, or 82. 





76 


i 
22 pF 
~ DS012072-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 


Note: Numbers in parentheses represent pinout for amplifier B. 
*Optional component dependent upon specific design requirements. 


Key Specifications 


@ THD+N at ikHz at 2 x 15W continuous average 


output power into 4Q or 8Q: 0.1% (max) 
@ THD+N at 1kHz at continuous average 

output power of 2 x 20W into 8Q: 0.009% (typ) 
m Standby current: 4.2mA (typ) 
Features 


m™ SPikKe protection 

# Minimal amount of external components necessary 
m™ Quiet fade-in/out mute mode 

m Standby-mode 

m Isolated 15-lead TO-220 package 

m™ Non-lsolated 15-lead TO-220 package 

m@ Wide supply range 20V - 64V 


Applications 
™ High-end stereo TVs 
= Component stereo 
™ Compact stereo 


Connection Diagram 


Plastic Package 


C 
Standby B 
+ In B 
- In B 
Mute B 
GND B 
Standby A 
+ In A 
- In A 
Mute A 
GND A 
VEE 
Out A 


Fo) 
N 
00 
> 
= 
= 





DS012072-2 
Top View 
Isolated Package 

Order Number LM1876TF 

See NS Package Number TF15B 
Non-lsolated Package 

Order Number LM1876T 

See NS Package Number TA15A 
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LM1877 


National Semiconductor. 


LM1877 00 
Dual Audio Power Amplifier 


General Description m= Wide supply range, 6V—24V 


The LM1877 is a monolithic dual power amplifier designed to . — te Ne penne 
deliver 2W/channel continuous into 8Q loads. The LM1877 is aya 

designed to operate with a low number of external compo- ™ AC short circuit protected 
nents, and still provide flexibility for use in stereo phono- ® Internal thermal shutdown 
graphs, tape recorders and AM-FM stereo receivers, etc. | ee od | 
Each power amplifier is biased from a common internal regu- Applications 

lator to provide high power supply rejection, and output Q sw julti-channel audio systems 
point centering. The LM1877 is internally compensated for Stereo phonographs 


all gains greater than 10. m@ Tape recorders and players 
m AM-FM radio receivers 


Features m Servo amplifiers — 
m 2W/channel m Intercom systems 
m -65 GB ripple rejection, output referred _ ™ Automotive products 


m -—65 dB channel separation, output referred 


Connection Diagram 


Dual-In-Line Package 
or Surface Mount Package 





BIAS vt 
OUTPUT 1 OUTPUT 2 
GND GND 
GND GND 
GND GND 
INPUT 1 INPUT 2 
‘FEEDBACK 1 = FEEDBACK 2 


DS007913-1 


Top View 
Order Number LM1877M-9 or LM1877N-9 
See NS Package Number M14B or N14A 


www.national.com 4-8 


Equivalent Schematic Diagram 


ZZ8tLIW1 





, f 
eS 
ty oe 


O7 O @ e 
= —FEEDBACK 1 +INPUT 1 +INPUT 2 —FEEDBACK 2 
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LM2876 


National Semiconductor 


Overture™ Audio Power Amplifier Series 
High-Performance 40W Audio Power Amplifier w/Mute 


General Description 


The LM2876 is a high-performance audio power amplifier 
capable of delivering 40W of continuous average power to 
an 8Q load with 0.1% THD+N from 20HZ—20kHz. 

The performance of the LM2876, utilizing its Self Peak In- 
stantaneous Temperature (Ke) (SPiKe™) protection cir- 


cuitry, puts it in a class above discrete and hybrid amplifiers — 


by providing an inherently, dynamically protected Safe Oper- 
ating Area (SOA). SPiKe protection means that these parts 
are completely safeguarded at the output against overvolt- 
age, undervoltage, overloads, including shorts to the sup- 
plies, thermal runaway, and instantaneous temperature 
peaks. 

The LM2876 maintains an excellent signal-to-noise ratio of 
greater than 95dB (min) with a typical low noise floor of 
2.0uV. It exhibits extremely low THD+N values of 0.06% at 
the rated output into the rated load over the audio spectrum, 
and provides excellent linearity with an IMD (SMPTE) typical 
rating of 0.004%. 


Typical Application 


INPUT 


10 ko 


Features 

= 40W continuous average output power into 8Q 

m 75W instantaneous peak output power capability 

Signal-to-Noise Ratio => 95 dB(min) 

An input mute function 

Output protection from a short to ground or to the 

supplies via internal current limiting circuitry 

Output over-voltage protection against transients from 

inductive loads 

m Supply under-voltage protection, not allowing internal 
biasing to occur when !Veecl + IVecl < 12V, thus 
eliminating turn-on and turn-off transients 

m 11-lead TO-220 package 

m Wide supply range 20V - 72V 


Applications 

m™ Component stereo 

= Compact stereo 

= Self-powered speakers 

@ Surround-sound amplifiers 
m™ High-end stereo TVs 






OUTPUT 


DS011775-1 


* Optional components dependent upon specific design requirements. Refer to the External Components Description section for a component functional 


description. 


FIGURE 1. Typical Audio 
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Amplifier Application Circuit 
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Connection Diagram 


—, —s 

oo — 

See ae ae 

z2zo 
1 + 


o 
we 
feo] 
N 
= 
wal 


OUTPUT 
NC 
V+ 


—- NeW PP OD Ss Ow 





DS011775-2 


+Connect Pin 5 to V* for Compatibility with LM3886. 
“Preliminary: Call your local National sales rep. or distributor for availability. 


Top View 
Order Number LM2876T 
or LM2876TF 
See NS Package Number TA11B for 
Staggered Lead Non-lsolated 
Package or TF11B* for 
Staggered Lead Isolated Package 
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LM380 


National Semiconductor 


LM380 | 
2.5W Audio Power Amplifier 


General Description 


The LM380 is a power audio amplifier for consumer applica- 
tions. In order to hold system cost to a minimum, gain is in- 
ternally fixed at 34 dB. A unique input stage allows ground 
referenced input signals. The output automatically 
self-centers to one-half the supply voltage. 


The output is short circuit proof with internal thermal limiting. 
The package outline is standard dual-in-line. The LM380N 
uses a copper lead frame. The center three pins on either 
side comprise a heat sink. This makes the device easy to 
use in standard PC layouts. 


Uses include simple phonograph amplifiers, intercoms, line 
drivers, teaching machine outputs, alarms, ultrasonic driv- 
ers, TV sound systems, AM-FM radio, small servo drivers, 
power converters, etc. 


A selected part for more power on higher supply voltages is 
available as the LM384. For more information see AN-69. 


Features 

m= Wide supply voltage range: 10V-22V 

m Low quiescent power drain: 0.13W (Vs= 18V) 
Voltage gain fixed at 50 

High peak current capability: 1.3A 

Input referenced to GND 

High input impedance: 150kQ 

Low distortion 

Quiescent output voltage is at one-half of the supply 
voltage 

Standard dual-in-line package 


Connection Diagrams (Duat-in-Line Packages, Top View) 


BYPASS 1 14 Vs 
NON-INVERTING INPUT 2 13 NC 
3 12 
* GND {4 117GND * 
5 10 
INVERTING INPUT 6 9 NC 
GND 7 8 Vout 


*Heatsink Pins 
DS006977-1. 


Order Number LM380N 
See NS Package Number N14A 
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NC 1 8 BYPASS 
NON-INVERTING INPUT 2 7 Vs 
INVERTING INPUT 3 6 Vour 
GND 4 5 GND 


DS006977-2 


Order Number LM380N-8 
See NS Package Number NO8E 
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Block and Schematic Diagrams 


OSeIN1 


LM380N LM380N-8 
Bypass Vs BYPASS Vs 





0S006977-3 DS006977-4 


O Vz (14) 


BYPASS 
(1) 


-IN 
(6) 





O (3, 4, 5, 10, 11, 12) 
GND 


(7) GNO 


DS006977-5 
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LM384 
5W Audio Power Amplifier 


General Description 


The LM384 is a power audio amplifier for consumer applica- 
tions. In order to hold system cost to a minimum, gain is in- 
ternally fixed at 34 dB. A unique input stage allows ground 
referenced input signals. The output automatically 
self-centers to one-half the supply voltage. 


The output is short-circuit proof with internal thermal limiting. 
The package outline is standard dual-in-line. A copper lead 
frame is used with the center three pins on either side com- 
prising a heat sink. This makes the device easy to use in 
standard p-c layout. 

Uses include simple phonograph amplifiers, intercoms, line 
drivers, teaching machine outputs, alarms, ultrasonic driv- 
ers, TV sound systems, AM-FM radio, sound projector sys- 
tems, etc. See AN-69 for circuit details. 


Schematic Diagram 


BYPASS 
(1) 


(7) GND 
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Features 

m Wide supply voltage range: 12V to 26V 

m= Low quiescent power drain 

= Voltage gain fixed at 50 

m@ High peak current capability: 1.3A 

m Input referenced to GND 

@ High input impedance: 150kQ 

# Low distortion: 0.25% (Po5=4W, R,_=8Q) 

™ Quiescent output voltage is at one half of the supply 
voltage 

m™ Standard dual-in-line package 


O Vs (14) 


O (3-4, 5, 10, 11, 12) 
GND 
DS007843-3 
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LM386 
Low Voltage Audio Power Amplifier 


General Description Features 


The LM386 is a power amplifier designed for use in low volt- ™ Battery operation 
age consumer applications. The gain is internally set to 20 to # Minimum external parts 
keep external part count low, but the addition of an external ™ Wide supply voltage range: 4V—12V or 5V—18V 


resistor and capacitor between pins 1 and 8 will increase the 
gain to any value from 20 to 200. 


The inputs are ground referenced while the output automati- 
cally biases to one-half the supply voltage. The quiescent 
power drain is only 24 milliwatts when operating from a 6 volt 
supply, making the LM386 ideal for battery operation. 


Low quiescent current drain: 4mA 
Voltage gains from 20 to 200 

Ground referenced input 
Self-centering output quiescent voltage 
Low distortion: 0.2% (Ay = 20, Vs = 6V, R, = 8Q, Po = 
125mW, f = 1kHz) 


m Available in 8 pin MSOP package 


Applications 
= AM-FM radio amplifiers 
m= Portable tape player amplifiers 


@ Intercoms 


m= TV sound systems 
m@ Line drivers 

m= Ultrasonic drivers 
= Small servo drivers 
m Power converters 


Equivalent Schematic and Connection Diagrams 





DS006976-1 
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Small Outline, 
Molded Mini Small Outline, 
and Dual-in-Line Packages 


GAIN GAIN 


~INPUT BYPASS 
+INPUT Vs 


GND Vout 





DS006976-2 


Top View 
Order Number LM386M-1, 
LM386MM-1, LM386N-1, 
LM386N-3 or LM386N-4 
See NS Package Number 
MO8A, MUAO8A or NO8E 
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AY vationa Semiconductor 


LM3875 Overture™ Audio Power Amplifier Series 
High-Performance 56W Audio Power Amplifier 


General Description 


The LM3875 is a high-performance audio power amplifier 
capable of delivering 56W of continuous average power to 
an 8Q load. with 0.1% THD+N from 20Hz to 20kHz. 


The performance of the LM3875, utilizing its Self Peak In- 
stantaneous Temperature (Ke) (SPiKe™) protection cir- 
cuitry, puts it in a class above discrete and hybrid amplifiers 
by providing an inherently, dynamically protected Safe Oper- 
ating Area (SOA). SPiKe protection means that these parts 
are completely safeguarded at the output against overvolt- 
age, undervoltage, overloads, caused by shorts to the sup- 
plies, thermal runaway, and instantaneous temperature 


_ peaks. 


The LM3875 maintains an excellent signal-to-noise ratio of 
greater than 95dB(min) with a typical low noise floor of 
2.0uV. It exhibits extremely low THD+N values of 0.06% at 
the rated output into the rated load over the audio spectrum, 
and provides excellent linearity with an IMD (SMPTE) typical 


rating of 0.004%. 


Typical Application 


INPUT 
Ra 1ko, 


10ko 


Ri 
1koO, 
af 631 


22 uF 


Features 8 

m 56W continuous average output power into 8Q 

m 100W instantaneous peak output power capability 

@ Signal-to-Noise Ratio >95dB (min) 

= Output protection from a short to ground or to the 
supplies via internal current limiting circuitry 

= Output over-voltage protection against transients from 
inductive loads 

@ Supply under-voltage protection, not allowing internal 
biasing to occur when IV+l + IV-I < 12V, thus eliminating 
turn-on and turn-off transients 

m 11 lead TO-220 package 

m= Wide supply voltage range: IV+l + IV-] = 20V to 84V 


Applications 

m= Component or compact stereos 
m Self-powered speakers 

m@ Surround-sound amplifiers 

@ High-end stereo TVs 






OUTPUT 
O 


DS011449-1 


*Optional components dependent upon specific design requirements. Refer to the External Components Description section for a component function 


description, 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Connection Diagram 


Plastic Package (Note 8) 


VIN7 
Vint 
NC 

NC 

V- 
OUTPUT 
NC 

V+ 


Te) 
N 
00 
o 
= 
_ 


- NW SP Om ~I © 





DS011449-2 
Top View 
Order Number LM3875T or LM3875TF 
See NS Package Number TA11B for 
Staggered Lead Non-lsolated Package 
or TF11B for Staggered Lead Isolated Package 


Equivalent Schematic (Excluding active protection circuitry) 





0.45 





+INO OUTPUT 
: O 


DS011449-6 
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LM3876 Overture™ 


Audio Power Amplifier Series 
High-Performance 56W Audio Power Amplifier w/Mute 


Features 


General Description 


The LM3876 is a high-performance audio power amplifier - 


capable of delivering 56W of continuous average power to 
an 8Q load with 0.1% THD+N from 20Hz—20kHz. 

The performance of the LM3876, utilizing its Self Peak In- 
stantaneous Temperature (Ke) (SPiKe™) protection cir- 
cuitry, puts it in a class above discrete and hybrid amplifiers 


by providing an inherently, dynamically protected Safe Oper- | 


ating Area (SOA). SPiKe protection means that these parts 
are completely safeguarded at the output against overvolt- 


| age, undervoltage, overloads, including shorts to the sup- 


plies, thermal runaway, and instantaneous temperature 
peaks. 

The LM3876 maintains an excellent signal-to-noise ratio of 
greater than 95dB (min) with a typical low noise floor of 
2.0uV. It exhibits extremely low THD+N values of 0.06% at 
the rated output into the rated load over the audio spectrum, 
and provides excellent linearity with an IMD (SMPTE) typical 
rating of 0.004%. 


Typical Application 


INPUT 


Rin 
10ka 


Ri 
1kQ 
*¢j 


22 mF 


National Semiconductor 


56W continuous average output power into 8Q 

100W instantaneous peak output power capability 
Signal-to-Noise Ratio = 95 dB(min) 

An input mute function 

Output protection from a short to ground or to the 
supplies via internal current limiting circuitry 

Output over-voltage protection against transients from 
inductive loads 


Supply under-voltage protection, not allowing internal 


biasing to occur when IVeel + IVecl < 12V, thus 
eliminating turn-on and turn-off transients 
11-lead TO-220 package 

Wide supply range 20V - 94V 


Applications 


Component stereo 
Compact stereo 
Self-powered speakers 
Surround-sound amplifiers 
High-end stereo TVs 





OUTPUT 


DS011832-1 


*Optional components dependent upon specific design requirements. Refer to the External Components Description section for a component functional 


description. 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Connection Diagram 


Plastic Package (Note 11) 


oo. 
<<z 
220 

1 + 


7.) 
NS 
00 
© 
= 
_! 


OUTPUT 
NC 
V+ 


—- NVPwWP OMNI CO 





DS011832-2 
+Connect Pin 5 to V* for Compatibility with LM3886. 


Top View 
Order Number LM3876T 
or LM3876TF 
See NS Package Number TA11B for 
Staggered Lead Non-lsolated 
Package or TF11B for 
Staggered Lead Isolated Package 
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LM3886 


AY national Semiconductor 


LM3886 Overture™ Audio Power Amplifier Series 
High-Performance 68W Audio Power Amplifier w/Mute 


General Description 


The LM3886 is a high-performance audio power amplifier 
capable of delivering 68W of continuous average power to a 
4Q load and 38W into 8Q with 0.1% THD+N from 
20Hz—20kHz. 


The performance of the LM3886, utilizing its Self Peak In- 
stantaneous Temperature ("Ke) (SPiKe™) protection cir- 
cuitry, puts it in a class above discrete and hybrid amplifiers 
by providing an inherently, dynamically protected Safe Oper- 
ating Area (SOA). SPiKe protection means that these parts 
are completely safeguarded at the output against overvolt- 
age, undervoltage, overloads, including shorts to the sup- 
plies, thermal runaway, and instantaneous temperature 
peaks. 


The LM3886 maintains an excellent signal-to-noise ratio of 
greater than 92dB with a typical low noise floor of 2.0yV. It 
exhibits extremely low THD+N values of 0.03% at the rated 
output into the rated load over the audio spectrum, and pro- 
vides excellent linearity with an IMD (SMPTE) typical rating 
of 0.004%. 


Features 
m 68W cont. avg. output power into 4Q at Voc = +28V 


Typical Application 


INPUT 


10ka 





Ri J 
1ko 
*Cj 


22 uF T 


= 


38W cont. avg. output power into 8Q at Vog = +28V 
50W cont. avg. output power into 8Q at Voc = +35V 
135W instantaneous peak output power capability 
Signal-to-Noise Ratio = 92dB 

An input mute function 

Output protection from a short to ground or to the 
supplies via internal current limiting circuitry 

Output over-voltage protection against transients from 
inductive loads 

Supply under-voltage protection, not allowing internal 
biasing to occur when IVeel + IVocl < 12V, thus 
eliminating turn-on and turn-off transients 

11-lead TO-220 package 

Wide supply range 20V - 94V 


Applications 


Component stereo 
Compact stereo 
Self-powered speakers 
Surround-sound amplifiers 


@ High-end stereo TVs 


Rey 20k0 






OUTPUT 
O 





DS011833-1 


*Optional components dependent upon specific design requirements. Refer to the External Components Description section for a component functional 


description. 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Connection Diagram 


Plastic Package (Note 12) 


oo 
<<z 
z2zo 

I + 


© 
© 
co 
o 
= 
I 


V- 
OUTPUT 
NC 
V+ 


—-~ NW SP OM ~ CO 





DS011833-2 
Note 1: Preliminary: call you local National Sales Rep. or distributor for availability 


Top View 
Order Number LM3886T 
or LM3886TF 
See NS Package Number TA11B for 
Staggered Lead Non-lsolated 
Package or TF11B (Note 1) for 
Staggered Lead Isolated Package 
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LM4651 & LM4652 


AY vational Semiconductor | 


LM4651 & LM4652 Overture™ Audio Power Amplifier 


170W Class D Audio Power 


General Description 


The IC combination of the LM4651 driver and the LM4652: 


power MOSFET provides a high efficiency, Class D sub- 
woofer amplifier solution. 


The LM4651 is a fully integrated conventional pulse width 
modulator driver IC. The IC contains short circuit, under volt- 
age, over modulation, and thermal shut down protection cir- 
cuitry. It contains a standby function, which shuts down the 
pulse width modulation and minimizes supply current. The 
LM4652 is a fully integrated H-bridge power MOSFET IC in 
a TO-220 power package. Together, these two IC’s form a 
simple, compact high power audio amplifier solution com- 


plete with protection normally seen only in Class AB amplifi-_ 


ers. Few external components and minimal traces between 
the IC’s keep the PCB area small and aids in EMI control. 


The near rail-to-rail switching amplifier substantially in- 
creases the efficiency compared to Class AB amplifiers. This 
high efficiency solution significantly reduces the heat sink 
size compared to a Class AB IC of the same power level. 
This two-chip solution is optimum for powered subwoofers 
and self powered speakers. 


Connection Diagrams 


LM4651 Plastic Package 


1 
2 
3 
4 
5 
6 
7 
I 3 


22 
LM4651N 


~VppByP 


Fex2 
SCKT 


DELAY 





DS101277-72 
Top View 
’ Order Number LM4651N 
See NS Package Number N28B 
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Amplifier Solution 


Key Specifications 

m Output power into 4Q with < 10% THD. 
m™ THD at 10W, 4, 10 - 500Hz. 
@ Maximum efficiency at 125W 
@ Standby attenuation. 


Features 

= Conventional pulse width modulation. 
Externally controllable switching frequency. 
50kHZ to 200kHz switching frequency range. 
Integrated error amp and feedback amp. 
Turn—on soft start and under voltage lockout. 
Over modulation protection (soft clipping). 
Short circuit current limiting and thermal shutdown 
protection. 

m 15 Lead TO-220 isolated package. 

m Self checking protection diagnostic. 


Applications 

= Powered subwoofers for home theater and PC’s 
m Car booster amplifier 

m Self-powered speakers 


LM4652 Plastic Package (Note 8) 


3| 
7 
6 
5 
4 
3 
2 
1 
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isolated TO-220 Package 
Order Number LM4652TF 
See NS Package Number TF15B 
or 
Non-lsolated TO-220 Package 
Order Number LM4652TA 
See NS Package Number TA15A 
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170W (Typ) 
< 0.3% THD (Typ) 

85% (Typ) 
>100dB (Min) 
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LM4663 Boomer ® audio Power Amplifier Series 
2 Watt Stereo Class D Audio Power Amplifier with Stereo 
Headphone Amplifier 


General Description m Efficiency at 2 Watt into 40 83% (typ) 
a : 

The LM4663 is a fully integrated single supply, high effi- ‘ male a ies me = ' a ‘ ) 

ciency Class D audio power amplifier solution. The LM4663 Shah GHleSCenh Powel: SUPP CUTS? mA (typ) 

utilizes a continuous time delta-sigma modulation technique ™ [otal shutdown power supply current 2uA (typ) 

that lowers output noise and THD when compared to con- ™ THD+N 1kHz, 20mW, 32Q (Headphone) — 0.15% (typ) 

ventional pulse width modulators. m™ Single supply range 4.5V to 5.5V 


The LM4668 also features a stereo headphone amplifier that 

delivers 80mW into a 32Q headset with less than0.5% THD. Features 

The LM4663 has two stereo inputs that can be selected tom Delta-sigma modulator. 

drive either the headphone amplifier or the Class D amplifier. = two stereo input selector. 

All amplifiers are protected with thermal shutdown. = “Click and pop” suppression circuitry. 
In standby mode, the LM4663 draws an extremely low 2uA sg Micropower shutdown mode. 

supply current. With a 4Q load, the IC’s efficiency for a . 
250mW power level is 69%, reaching 83% at a power level ee oad Teer package (NO Neale mc ledanee): 
of 2W. The IC features click and pop reduction circuitry that 
minimizes audible popping during device turn-on and ‘ " 
turn-off. The LM4663 is available in a 24-lead TSSOP pack- Applications 


Stereo headphone amplifier. 





age, ideal for portable and desktop computer applications. m Portable computers 
ee . m Desktop computers 
Key Specifications = Multimedia Monitors 
m Po at THD+N=1% 2.1W (typ) 
m THD+N at 1kHz at 1 Watt into 4Q (Power 
Amp) 0.2% (typ) 
Block Diagram Connection Diagram 
are ae a a TSSOP Package 
LM4663MT 
24 Pin TSSOP 
ie VppAL 24 [2] VopAR 
HPOL 23 I HPOR 





22 FJ] GNDAR 
GNDPR 
VoutRt 


GNDAL 
4th Order GNDPL 


a 
sitar [eet de 
Q Modulator 
sn Ee 


oOo won 7m oO FP WN po 


‘poh LM4663MT pork 
ois YoutL- 18 Pd VourR- 
GNDPL GNDPR 

INSEL SD HPSEL 
INSEL [29 10 BYPASS 

ee Vinb2 iB Vin R2 

BYPASS Vyl1 C412 Vink 


Thermal 
Shutdown 


DS101269-2 


Top View 
Order Number LM4663MT 
See NS Package Number MTC24 
/ DS101269-1 (TSSOP Package) 
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LM4700 


LM4700 


AY national Semiconductor 


Overture™ Audio Power Amplifier Series 
30W Audio Power Amplifier with 


Mute and Standby Modes 


General Description 


The LM4700 is an audio power amplifier capable of deliver- 
ing typically 30W of continuous average output power into an 
8Q load with less than 0.1% THD+N. 


The LM4700 has an independent smooth transition fade-in/ 
out mute and a power conserving standby mode which can 
be controlled by external logic. 


The performance of the LM4700, utilizing its Self Peak In- 
stantaneous Temperature (‘Ke) (SPiKe™) protection cir- 
cuitry, places it in a class above discrete and hybrid amplifi- 
ers by providing an inherently, dynamically protected Safe 
Operating Area (SOA). SPiKe protection means that these 
parts are completely safeguarded at the output against over- 
voltage, undervoltage, overloads, including thermal runaway 
and instantaneous temperature peaks. : 


Typical Application 





* 
C 


22 FT 


DS012369-1 


*Optional components dependent upon ‘specific design requirements. Refer 


to the External Components Description section for a component functional 
description. 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Key Specifications 

@ THD+N at 1kHz at continuous average output power of 
25W into 8Q: | 0.1% (max) 

@ THD+N from 20Hz to 20kHz at 30W of continuous: 

__ average output power into 80: 0.08% (typ) | 

m Standby current: 2.1mMA (typ) 


Features 

m SPiKe Protection 

@ Minimal:amount of external components necessary | 
® Quiet fade-in/out mute function 

m Power conserving standby-mode 

m Isolated 11-lead TO-220 package 

m Wide supply range 20V - 66V | 


Applications 
= Component stereo 
= Compact stereo 


Connection Diagram 


Isolated Plastic Package 
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Top View | 
Order Number LM4700TF or LM4700T 
See NS Package Number TF11B for Staggered Lead 
Isolated Package 
See TA11B for Staggered Lead Non-lIsolated Package 
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National Semiconductor 


LM4701 Overture™ Audio Power Amplifier Series 
30W Audio Power Amplifier with 


Mute and Standby Modes 


General Description 


The LM4701 is an audio power amplifier capable of deliver- 
ing typically 30W of continuous average output power into an 
8Q load with less than 0.1% THD+N. 


The LM4701 has an independent smooth transition fade-in/ 
out mute and a power conserving standby mode which can 
be controlled by external logic. 


The performance of the LM4701, utilizing its Self Peak In- 
stantaneous Temperature (‘Ke) (SPiKe™) protection cir- 
cuitry, places it in a class above discrete and hybrid amplifi- 
ers by providing an inherently, dynamically protected Safe 
Operating Area (SOA). SPiKe protection means that these 
parts are completely safeguarded at the output against over- 
voltage, undervoltage, overloads, including thermal runaway 
and instantaneous temperature peaks. 


Typical Application 





DS100835-1 


*Optional components dependent upon specific design requirements. Refer 
to the External Components Description section for a component functional 
description. 


FIGURE 1. Typical Audio Amplifier Application Circuit 


Key Specifications 


m THD+N at 1kHz at continuous average output power of 


25W into 8Q: 


0.1% (max) 


@ THD+N from 20Hz to 20kHz at 30W of continuous 


average output power into 8Q: 


m Standby current: 


Features 


@ SPiKe Protection 
= Minimal amount of external components necessary 
® Quiet fade-in/out mute function 
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m Power conserving standby-mode 
™ Non-isolated 9-lead TO-220 package 
m Wide supply range 20V - 66V 


Applications 
= TVs 

= Component stereo 
m Compact stereo 


Connection Diagram 


Plastic Package 
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Top View 
Order Number LM4701T 





0.08% (typ) 
2.1mA (typ) 


STANDBY 
Vint 
VIN 
MUTE 
VEE 

GND 

VEE 
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See NS Package Number TA9A 
For Staggered Lead Non-Isolated Package 


Only a 9-Pin Package 
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LM4752 


A National Semiconductor. 


LM4752 


Stereo 11W Audio awed Amplifier 


General Description 


The LM4752 is a stereo audio amplifier capable of delivering 
11W per channel of continuous average output power to a 
4Q load, or 7W per channel into 8Q using a single 24V sup- 
ply at 10% THD+N. 


The LM4752 is specifically designed for single supply opera- 
tion and a low external component count. The gain and bias 
resistors are integrated on chip, resulting in a 11W stereo 
amplifier in a compact 7 pin TO220 package. High output 
power levels at both 20V and 24V supplies and low external 
component count offer high value for compact stereo and TV 
applications. A simple mute function can be implemented 
with the addition of a few external components. 


Key Specifications 

m= Output power at 10% THD+N with 1kHz into 4Q at 
Voc = 24V: 11W (typ) 

@ Output power at 10% THD+N with 1kHz into 8Q. at 
Voc = 24V: 7W (typ) 

@ Closed loop gain: 34dB (typ) 

@ Po at 10% THD+N @ 1 kHz into 49 single-ended 
TO-263 package at Veg = 12V: 2.5W (typ) 


Typical Application | 


m Py at 10% THD+N-@ 1kHz into 8Q bridged TO-263 
package at Veg = 12V: 5W (typ) 


Features 

m Drives 4Q and 8Q loads 

@ internal gain resistors (Ay = 34 dB) 

= Minimum external component requirement 
m@ Single supply operation 

@ Internal current limiting 

@ Internal thermal protection 

= Compact 7-lead TO-220 package 

m= Low cost-per-watt 

m Wide supply range 9V - 40V 


Applications 

= Compact stereos 

m Stereo TVs 

# Mini component stereos 
= Multimedia speakers 


Connection Diagram 


Plastic Package 
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Package Description 
Top View 
Order Number LM4752T 
Package Number TA07B 


1000 uF 
OUT B 
40 


OUTA 
INA 
BIAS 
GND 
Voc 
INB 
OUTB 
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Package Description 
Top View 
Order Number LM4752TS 
Package Number TS07B 


DS100039-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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LM4753 


National Semiconductor 


Dual 10W Audio Power Amplifier w/Mute, Standby and 


Volume Control 


General Description 


The LM4753 is a stereo audio amplifier capable of delivering 
10W/channel at 10% distortion into a 8Q load. The power 
amp has an internally set gain of 30 dB. A OV-5V DC con- 
trolled volume block provides 80 dB of attenuation from input 
to line-out. Line outputs are available after the volume con- 
trol for signal routing. 


The amplifier has a smooth transition fade-in/out mute and a 
power conserving standby function which are controlled 
through TTL or CMOS logic. Both functions provide over 
75 dB of attenuation. 

The LM4753 maintains an excellent Signal-to-Noise ratio of 
greater than 70 dB with a low noise floor less than 2 mV. The 
IC also maintains above 50 dB of channel separation. 

The LM4753 is available in a 15-lead non-isolated plastic 
package and is designed for use in TV applications requiring 
single supply operation. 


Typical Application 
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Key Specifications 


Features 


@ Quiet fade-in/out mute function 
m™ Stereo variable line-out pins 


m AC output short circuit protection 


m= Thermal shutdown protection 


Applications 


m Stereo TVs 


= Component stereo 


m™ Compact stereo 
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FIGURE 1. Typical Audio Amplifier Application Circuit 
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Output power into 8Q at 10% THD 10W 
Maximum operating voltage 
Power output stage Noise floor 
Line output Noise floor 55 pV 
OV-—5V DC controlled volume attenuation 80 dB 
Mute attenuation 75 dB 
Standby-mode supply current 7 mA 


28V 


2mvV 
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LM4753 


Connection Diagram 
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Plastic Package 
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Top View 
Order Number 
See NS Package Number TA15A for 
Staggered Lead Non-lsolated Package 
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National Semicon 


LM4755 


ductor 


Stereo 11W Audio Power Amplifier with Mute 


@ Po at 10% THD+N @ 1kHz into 8Q bridged TO-263 
package at Vog=12V: 5W (typ) 


General Description 


The LM4755 is a stereo audio amplifier capable of delivering 
11W per channel of continuous average output power to a 
4Q load or 7W per channel into 8Q2 using a single 24V supply Features 


at 10% THD+N. The internal mute circuit and pre-set gain re- 
sistors provide for a very economical design solution. 


Output power specifications at both 20V and 24V supplies 
and low external component count offer high value to con- 
sumer electronic manufacturers for stereo TV and compact 
stereo applications. The LM4755 is specifically designed for 


single supply operation. 


Key Specifications 

m Output power at 10% THD with 1kHz into 4Q at 
Voc = 24V: 11W (typ) 

= Output power at 10% THD with 1kHz into 8Q at 
Voc = 24V:  7W (typ) 

™ Closed loop gain: 34dB (typ) 

| m@ Py at 10% THD+N @ 1kHz into 4Q single-ended 

TO-263 package at Veg=12V: 2.5W (typ) 


Typical Application 


Voc 


INA é 







Drives 4Q and 8Q loads 

Integrated mute function 

Internal Gain Resistors 

Minimal external components needed 
Single supply operation 

Internal current limiting and thermal protection 
Compact 9-lead TO-220 package 
Wide supply range 9V - 40V 


Applications 


m Stereos TVs 


= Compact stereos 
= Mini component stereos 


Connection Diagrams 
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FIGURE 1. Typical Audio Amplifier Application Circuit 
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Plastic Package 





DS100059-2 


Package Description 
Top View 
Order Number LM4755T 
Package Number TA09A 





DS100059-36 


Top View 
Order Number LM4755TS 
Package Number TS9A 
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LM4765 


-LM4765 Overture™ 


AY national Semiconductor 


Audio Power Amplifier Series Dual 30W Audio Power 
Amplifier with Mute and Standby Modes 


| General Description 


The LM4765 is a stereo audio amplifier capable of delivering 
typically 30W per channel of continuous average output 
power into an 8Q. load with less than 0.1% THD+N. 


Each amplifier has an independent smooth transition fade-in/ 
out mute and a power conserving standby mode which can 
be controlled by external logic. 


The performance of the LM4765, utilizing its Self Peak In- 
stantaneous Temperature (Ke) (SPiKe™) protection cir- 
cuitry, places it in a class above discrete and hybrid amplifi- 
ers by providing an inherently, dynamically protected Safe 
Operating Area (SOA). SPiKe protection means that these 
parts are safeguarded at the output against overvoltage, un- 
dervoltage, overloads, including thermal runaway and in- 
stantaneous temperature peaks. . 


Typical Application 
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R 
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i 
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FIGURE 1. Typical Audio Amplifier Application Circuit 


DS100927-1 


Note: Numbers in parentheses represent pinout for amplifier B. 
*Optional component dependent upon specific design requirements. 
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Key Specifications 


@ THD+N at 1kHz at 2 x 25W continuous average 
output power into 8Q: 0.1% (max) 

mM THD+N at 1kHz at continuous average 
output power of 2 x 30W into 8Q: 

m Standby current: 


0.009% (typ) 
6.5mA (typ) 


Features 

m SPikKe Protection 

# Minimal amount of external components necessary 
Quiet fade-in/out mute mode 

Standby-mode | 

Non-lsolated 15-lead TO-220 package 

Wide supply range 20V - 66V 


Applications 
m™ High-end stereo TVs 
= Component stereo 
= Compact stereo 


Connection Diagram 


Plastic Package 


Standby B 
+ In B 

- In B 
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GND B 
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Out A 


Lo 
Ce) 
Ne 
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DS100927-2 
Top View 
Non-lsolated Package 
Order Number LM4765T 
See NS Package Number TA15A 
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LM4766 Overture™ 


National Semiconductor 


PRELIMINARY 


99ZPINT 


Audio Power Amplifier Series Dual 40W Audio Power 


Amplifier with Mute 


General Description 


The LM4766 is a stereo audio amplifier capable of delivering 
typically 40W per channel with the non-isolated ’T’ package 
and 30W per channel with the isolated TF’ package of con- 
tinuous average output power into an 8Q load with less than 
0.1% (THD+N). 


The performance of the LM4766, utilizing its Self Peak In- 
stantaneous Temperature (‘Ke) (SPiKe™) Protection Cir- 
cuitry, places it in a class above discrete and hybrid amplifi- 
ers by providing an inherently, dynamically protected Safe 
Operating Area (SOA). SPiKe Protection means that these 
parts are safeguarded at the output against overvoltage, un- 
dervoltage, overloads, including thermal runaway and in- 
stantaneous temperature peaks. 


Each amplifier within the LM4766 has an independent 
smooth transition fade-in/out mute that minimizes output 
pops. The IC’s extremely low noise floor at 2uV and its ex- 
tremely low THD+N value of 0.06% at the rated power make 
the LM4766 optimum for high-end stereo TVs or minicompo- 
nent systems. 


Typical Application 
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*¢, 
| 
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FIGURE 1. Typical Audio Amplifier Application Circuit 


DS100928-1 


Note: Numbers in parentheses represent pinout for amplifier B. 
*Optional component dependent upon specific design requirements. 
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Key Specifications 





m@ THD+N at 1kHz at 2 x 30W continuous average 
output power into 8Q: 0.1% (max) 
m THD+N at 1kHz at continuous average 
output power of 2 x 30W into 8Q: 0.009% (typ) 
Features 
m SPiKe Protection 


Minimal amount of external components necessary 
Quiet fade-in/out mute mode 

Non-lsolated 15-lead TO-220 package 

Wide Supply Range 20V - 78V 


Applications 
™ High-end stereo TVs 
= Component stereo 
= Compact stereo 


Connection Diagram 


Plastic Package 





DS100928-2 


Top View 
Non-Isolated TO-220 Package 
Order Number LM4766T 
See NS Package Number TA15A 
isolated TO-220 Package 
Order Number LM4766TF 
See NS Package Number TF15B 
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LM4808 


National Semiconductor 


General Description 


The LM4808 is a dual audio power amplifier capable of deliv- 
ering 105 mW per channel of continuous average power into 
a 16Q load with 0.1% (THD+N) from a 5V power supply. 


Boomer audio power amplifiers were designed specifically to 
provide high quality output power with a minimal amount of 
external components using surface mount packaging. Since 
the LM4808 does not require bootstrap capacitors or snub- 
ber networks, it is optimally suited for low-power portable 
systems. 


The unity-gain stable LM4808 can be ames by external 
gain-setting resistors. 


Typical Application 


Audio 


2.2 pF 
Input i 






100 wF 
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7 i 
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*Refer to the Application Information Section for information concerning 
_ proper selection of the input and output coupling capacitors. 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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LM4808 Boomer® audio Power Amplifier Series 
Dual 105 mW Headphone Amplifier 


Key Specifications 

@ THD+N at 1 kHz at 105 mW continuous average output 
power into 16Q 0.1% (max) 

@ THD+N at 1 kHz at 70 mW continuous average output | 
power into 32Q 0.1% (typ) 

m Output power at 0.1% THDN ¢ at 1 kHz into 320 7OmW 
(typ) 


Features 

SOP and MSOP surface mount packaging 
Switch on/off click suppression 

Excellent power supply ripple meee 
Unity-gain stable 

Minimum external components 


Applications 

m Headphone Amplifier 

=m Personal Computers 

= Microphone Preamplifier 


Connection Diagram 


SOP & MSOP Package 


1 8 
OUT A Vp 
2 7 
IN A (-) OUT B 
3 6 
IN A (+) iN B (-) 
4 5 


GND IN B (+) 
| DS101276-2 
Top View 
Order Number LM4808M, LM4808MM 
See NS Package Number MO8A, MUA08A 
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LM4830 


National Semiconductor 


Two-Way Audio Amplification System 


with Volume Control 


General Description 


The LM4830 is an integrated solution for two-way audio am- 
plification. It contains a bridge-connected audio power ampli- 
fier capable of delivering 1W of continuous average power to 
an 8Q load with less than 1% THD from a 5V power supply. 
It also has the capability of driving 100 mW into a 
single-ended 32Q impedance for headset operation. There 
is a 30 GB attenuator in front of a bridged power amplifier 
with 6 dB of gain. The attenuation is controlled through 4 bits 
of parallel digital control; 15 steps of 2 dB each. 


The device also contains a microphone preamp with two se- 
lectable inputs. Mic2 is selected when HS is high and A1 is in 
single-ended mode. Mic1 is selected when HS is low and A1 
is in bridged mode. This configuration is optimum for switch- 
ing between an internal system speaker and external head- 
set with microphone. The device also incorporates a buffer 
used for driving capacitive loads. 

The LM4830 also provides a low-current consumption shut- 
down mode making it optimally suited for low-power portable 
systems. In addition, the device has an internal thermal shut- 
down protection mechanism. 


Connection Diagram 


Key Specifications 

m™ THD at 1W cont. avg Po into 82: 
m Instantaneous peak output power: 
m@ Shutdown current: 0.5 pA (typ) 
m= Supply voltage range: 2.7V<V pp < 5.5V 


1% (max) 
1.4W 


Features 

m 4-bit digital control for 30 dB of volume attenuation 
m™ Two selectable microphone inputs 

High performance microphone preamp 

Extra buffer for driving long cables 

No bootstrap capacitors or snubber circuits are 
necessary 

Smail Outline (SO) packaging 

Thermal shutdown protection circuitry 


Applications 

m Hands-free phone systems 

™ Mobile phone accessories 

m™ Desktop conference phones 

m Portable computers 

m= Teleconference computer applications 


Dual-in-Line and 
Small Outline Packages 
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Top View 
Order Number LM4830M 
See NS Package Number M24B for SO 
Order Number LM4830N 
See NS Package Number N24A for DIP 
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Typical Application 
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FIGURE 1. Typical Application Circuit 
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National Semiconductor 


LM4831 Boomer ® audio Power Amplifier Series 
Multimedia Computer Audio Chip 


General Description 


The LM4831 is a monolithic integrated circuit that provides a 
stereo three input mixer, two stereo input analog multiplexer, 
a stereo line out and a dual 1W bridged audio power ampli- 
fier. In addition, a low noise microphone preamp is included 
on-chip. 

The LM4831 is ideal for multimedia computers since it incor- 
porates an input mixer, analog multiplexer, and configurable 
stereo audio power amplifier, as well as a microphone 
preamp stage. This combination allows for all of the analog 
audio processing to be enclosed in a 44-pin TQFP package. 


The LM4831 features an externally controlled, low-power 
consumption shutdown mode, as well as both headphone 
and docking station modes. To temporarily override the shut- 
down mode and allow audio signals to be amplified, the 
LM4831 provides four “beep” pins. 


Block Diagram 
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Power Amplifier 


Microphone | 
Preamp | 


Left Power Amp -Out 





z Beep 
Circuitry | 


Left Power Amp +Out 
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FIGURE 1. LM4831 Block Diagram 
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Key Specifications 


m THD+N at 1W into 8Q 0.6% (typ) 
m= Microphone Input Referred Noise 10pV (typ) 
m= Supply Current - Bridged Mode 16mA (typ) 
m Shutdown Current 2uUA (typ) 
Features 

m= Stereo 1W audio power amplifier 


w “Click and pop” suppression circuitry 
m Stereo three input mixer 

@ Shutdown mode 

= 


Multiple operating modes — bridged, single-ended and 
docking station modes 


m Internal mux for switching in/out external filter 
m= Beep circuitry for “wake-up” while in shutdown 
m 44 Pin TQFP Packaging 


Applications 


m= Portable and Desktop Computers 


Connection Diagram 
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Order Number LM4831VF 
See NS Package Number VEJ44A 
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LM4832 


A vationat Semiconductor 


LM4832 Boomer ® audio Power Amplifier Series — 
Digitally Controlled Tone and Volume Circuit with Stereo 
Audio Power Amplifier, Microphone Preamp Stage and 


National 3D Sound 


General Description 


The LM4832 is a monolithic integrated circuit that provides 
volume and tone (bass and treble) controls as well as a ste- 
reo audio power amplifier capable of producing 250 mW 
(typ) into 8Q or 90 mW (typ) into 32Q with less than 1.0% 
THD. In addition, a two input microphone preamp stage, with 
volume control, capable of driving a 1 kQ load is imple- 
mented on chip. 


The LM4832 also features National’s 3D Sound circuitry 
which can be externally adjusted via a simple RC network. 
For maximum system. flexibility, the LM4832 has an exter- 
nally controlled, low-power consumption shutdown mode, 
and an independent mute for power and microphone ampli- 
fiers . 


Boomer® audio integrated circuits were designed specifically 
to provide high quality audio while requiring few external 
components. Since the LM4832 incorporates tone and vol- 
ume controls, a stereo audio power amplifier and a micro- 
phone preamp stage, it is optimally suited to multimedia 
monitors and desktop computer applications. 


Block Diagram 


National 
3D Sound 
Circuit 
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ae Selector 


Microphone 
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Microphone Gain : 

Input 2 with mute 


FIGURE 1. LM4832 Block Diagram 
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Key Specifications 


m Output Power at 10% into 8Q 350mW (typ) 
m Output Power at 10% into 32Q 100mW (typ) 
@ THD+N at 75mW into 32Q at 1kHz 0.5% (max) 
@ Microphone Input Referred Noise 7pV (typ) 
m= Supply Current 13mA (typ) 
@ Shutdown Current 


4A (typ) 


Features 

Independent Left and Right Output Volume Controls 
m Treble and Bass Control 

= National 3D Sound 

= |?C Compatible Interface 

# Two Microphone Inputs with Selector 

® Software Controlled Shutdown Function 


Applications 
= Multimedia Monitors 
m Portable and Desktop Computers 


Connection Diagram 
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Output DS100014-2 


Top View 
Order Number LM4832N, LM4832M 
See NS Package Number N28B for DIP 
See NS Package Number M28B for SOIC 


DS100014-1 
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National Semiconductor 


LM4834 Boomer ® audio Power Amplifier Series 
1.75W Audio Power Amplifier with DC Volume Control 


and Microphone Preamp 


General Description 


The LM4834 is a monolithic integrated circuit that provides 
| DC volume control, and a bridged audio power amplifier ca- 
pable of producing 1.75W into 4Q with less than 1.0% 
(THD). In addition, the headphone/lineout amplifier is ca- 
pable of driving 70 mW into 32Q with less than 0.1%(THD). 
The LM4834 incorporates a volume control and an input mi- 
crophone preamp stage capable of driving a 1 kQ load im- 
pedance. 


Boomer® audio integrated circuits were designed specifically 
to provide high quality audio while requiring a minimum 
amount of external components in surface mount packaging. 
The LM4834 incorporates a DC volume control, a bridged 
audio power amplifier and a microphone preamp stage, 
making it optimally suited for multimedia monitors and desk- 
top computer applications. 


The LM4834 features an externally controlled, low-power 
consumption shutdown mode, and both a power amplifier 
and headphone mute for maximum system flexibility and 
performance. 


Block Diagram 
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Right Sum 
Control 
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Mic HP Sense 
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Yop 
GND 
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Key Specifications 

@ THD at 1.1W continuous average output power into 8Q 
at 1kHz 0.5% (max) 

= Output Power into 4Q at 1.0% THD+N 1.75W (typ) 

m THD at 7OmW continuous average output power into 
32Q at 1kHz 0.1% (typ) 

m Shutdown Current 1.0UA (max) 

m™ Supply Current 17.5mA (typ) 


Features 

= PC98 Compliant 

m “Click and Pop” suppression circuitry 

m@ Stereo line level outputs with mono input capability for 
system beeps 

Microphone preamp with buffered power supply 

DC Volume Control Interface 

= Thermal shutdown protection circuitry 


Applications © 
m™ Multimedia Monitors 
m Desktop and Portable Computers 


Connection Diagram 


SSOP Package 


GND Mono Amp In 


1 
Speaker Outt =| 2 Speaker Out- 
Yop “4 5 Yoo 
Left Sum Out—=| 4 Right Sum Out 
Line-HP Left—=_5 Line-HP Right 
Vpp 4 & GND 
Mic Out 7 DC Vol 
Mic In-~=4 8 Mic Supply 
9 


Mic In+ External Bias In 


Left In Right In 
GND 
Mode 
HP Sense 


Mute 


Yop 
Bypass 
Shutdown 


Mono In 
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Top View 
Order Number LM4834MS 
See NS Package Number MSA028CB for SSOP 
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LM4835 


National Semiconductor 





LM4835 Boomer ® audio Power Amplifier Series 
Stereo 2W Audio Power Amplifiers 
with DC Volume Control and Selectable Gain 


General Description 


The LM4835 is a monolithic integrated circuit that provides 
DC volume control, and stereo bridged audio power amplifi- 
ers capable of producing 2W into 4Q (Note 1) with less than 
1.0% THD or 2.2W into 3Q (Note 2) with less than 1.0% 
THD. 


Boomer® audio integrated circuits were designed specifically 
to provide high quality audio while requiring a minimum 
amount of external components. The LM4835 incorporates a 
DC volume control, stereo bridged audio power amplifiers 
and a selectable gain or bass boost, making it optimally 
suited for multimedia monitors, portable radios, desktop, and 
portable computer applications. 


The LM4835 features an externally controlled, low-power 
consumption shutdown mode, and both a power amplifier 
and headphone mute for maximum system flexibility and 
performance. , 


Note 1: When properly mounted to the circuit board, the LM4835MTE will 
deliver 2W into 4Q. The LM4835MT will deliver 1.1W into 8Q. See the Appli- 
cation Information section for LM4835MTE usage information. 


Note 2: An LM4835MTE which has been properly mounted to the circuit 
board and forced-air cooled will deliver 2.2W into 3Q. 


Block Diagram 


Left Dock 
Internal gain select 


20k0, 20kN 













| Click and Pop 
Suppression 
Circuitry 


Bypass 







Right Dock 
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DS100139-1 


FIGURE 1. LM4835 Block Diagram 
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Key Specifications 
m Po at 1% THD+N 


m@ into 3Q (LM4835MTE) 2.2W (typ) 

m into 4Q (LM4835MTE) 2.0W (typ) 

m into 8Q (LM4835) 1.1W (typ) 

m@ Single-ended mode THD+N at 85mW into 32Q 1.0% 
(typ) 

m@ Shutdown current 0.7pA (typ) 


Features 

m PC98 Compliant 

DC Volume Control Interface 

System Beep Detect 

Stereo switchable bridged/single-ended power amplifiers 
Selectable internal/external gain and bass boost 
configurable 

“Click and pop” suppression circuitry 

Thermal shutdown protection circuitry 


Applications 

m Portable and Desktop Computers 

m Multimedia Monitors 

m Portable Radios, PDAs, and Portable TVs 


Connection Diagram 


TSSOP Package 





DS100139-2 


Top View 
Order Number LM4835MT 
See NS Package Number MTC28 for TSSOP 
Order Number LM4835MTE 
See NS Package Number MXA28A for Exposed DAP 
TSSOP 
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LM4836 Boomer® audio Power Amplifier Series 
Stereo 2W Audio Power Amplifiers 


with DC Volume Control, Bass Boost, and Input Mux 


General Description 


The LM4836 is a monolithic integrated circuit that provides 
DC volume control, and stereo bridged audio power amplifi- 
ers capable of producing 2W into 4Q (Note 1) with less than 
1.0% THD4N, or 2.2W into 3Q (Note 2) with less than 1.0% 
THD+N. 


Boomer® audio integrated circuits were designed specifically 
to provide high quality audio while requiring a minimum 
amount of external components. The LM4836 incorporates a 
DC volume control, stereo bridged audio power amplifiers, 
selectable gain or bass boost, and an input mux making it 
optimally suited for multimedia monitors, portable radios, 
desktop, and portable computer applications. 


The LM4836 features an externally controlled, low-power 
consumption shutdown mode, and both a power amplifier 
and headphone mute for maximum system flexibility and 
performance. 

Note 1: When properly mounted to the circuit board, the LM4836MTE will 


deliver 2W into 4Q. The LM4836MT will deliver 1.1W into 8Q. See the Appli- 
cation Information section for LM4836MTE usage information. 


Note 2: An LM4836MTE which has been properly mounted to the circuit 
board and forced-air cooled will deliver 2.2W into 3Q. 


Connection Diagram 


Key Specifications 
m Po at 1% THD+N 


m into 3Q (LM4836MTE) 2.2W (typ) 
m into 4Q (LM4836MTE) 2.0W (typ) 
m ~— into 8Q (LM4836) 1.1W (typ) 


m Single-ended mode THD+N at 85mW into 32Q 1.0% 
(typ) 
m™ Shutdown current 0.2uA (typ) 


Features 

PC98 and PC99 Compliant 

DC Volume Control Interface 

Input mux 

System Beep Detect 

Stereo switchable bridged/single-ended power amplifiers 
Selectable internal/external gain and bass boost 
configurable 

m “Click and pop” suppression circuitry 

m™ Thermal shutdown protection circuitry 


Applications 

m™ Portable and Desktop Computers 

= Multimedia Monitors 

m Portable Radios, PDAs, and Portable TVs 


TSSOP Package 


Right In 2 
Right Dock 
Right In 1 
Beep In 
Left In 1 
Left Dock 
GND 





Right Out+ 


Right Bass Boost 
Shutdown 


Bass Boost Select 
Left Bass Boost 
Left Out- 

Yop 

Left Out+ 


DS101088-2 


Top View 
Order Number LM4836MT 
See NS Package Number MTC28 for TSSOP 
Order Number LM4836MTE 
See NS Package Number MXA28A for Exposed DAP TSSOP 
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LM4850 Boomer® audio Power Amplifier Series _ 
Mono 1.5 W / Stereo 300 mW Power Amplifier 


General Description 


The LM4850 is an audio power amplifier capable of deliver- 
ing 1.5W (typ) of continuous average power into a mono 4Q 
bridged-tied load (BTL) with 1% THD+N or 95mW per chan- 
nel of continuous average power into stereo 32Q 
single-ended (SE) loads with 1% TEEN: using a 5V power 
supply. 

The LM4850 can automatically switch between mono BTL 
and stereo SE modes utilizing a headphone sense pin. It is 
ideal for any system that provides both a monaural speaker 
output and a stereo line or headphone output 


Boomer audio power amplifiers were designed specifically to 
provide high quality output power with a minimal amount of 
external components. Since the LM4850 does not require 
bootstrap capacitors or snubber networks, it is optimally 
suited for low-power portable systems. 

The LM4850 features an externally controlled, micropower 
consumption shutdown mode and thermal shutdown protec- 
tion. The unity-gain stable LM4850’s gain is set by external 

_ gain-setting resistors 


Typical Application 






R 
THF coxa 


>> 
ze 
«2 
A900 
L Re) 






CLICK /POP 
REDUCTION 
BIAS 





SHUTDOWN 


Re 
20kn 


Key Specifications 

m@ THD+N at 1kHz, 1.5W into 4Q BTL 
m THD+N at 1kHz, 1.1W into 8Q BTL 
THD+N at 1kHz, 300mW into 8Q SE 
THD+N at 1kHz, 95mW into 32Q SE 
Single Supply Operation 

Shutdown Current 


Features 

m™ Mono 1.5W BTL or stereo 300mW output 
m Headphone sense 

m “Click and pop” suppression circuitry 

= No bootstrap capacitors required 

m= Thermal shutdown protection 
m Unity-gain stable 
m™ Low shutdown current 


Applications 
Portable computers 
Desktop computers 
PDA’s 

Handheld games 
Cell phones 





DS200010-31 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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1% (typ) 
1% (typ) 
1% (typ) 
1% (typ) 
2.4 to 5.5V 
44uA (typ) 


Connection Diagram 


LEFT IN 
SHUTDOWN 


LEFT OUT/BTL OUT- 


Vop 


HP-IN BTL OUT+ 
GND 


RIGHT IN 


BYPASS 
RIGHT OUT 





DS200010-51 


Top View 
10 Lead MSOP 
Order Number LM4850MM 
See NS Package Number MUB10A 


NC 

LEFT IN 
SHUTDOWN 
HP-IN 
GND 

RIGHT IN 
NC 





NC = NO CONNECT 


DS200010-52 


Top View 
14 Lead TSSOP 
Order Number LM4850MT 
See NS Package Number MTC14 
NC = No Connect 
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General Description 


The LM4860 is a bridge-connected audio power. amplifier ca- 
pable of delivering 1W of continuous average power to an 
8Q. load with less than 1% THD+N over the audio spectrum 


from a 5V power supply. ne 


Boomer audio power amplifiers were designed specifically to: 


provide high quality output power with a minimal amount of 
external components using surface mount packaging. Since 


suited for low-power portable systems. 


The LM4860 features an externally controlled, low-power . 
consumption shutdown mode, as well as an internal thermal. - 


shutdown protection mechanism. It also includes two head- 
phone control inputs and a headphone sense output for ex- 


| ternal monitoring. 


The unity-gain stable LM4860 can be configured by externa 


- gain setting resistors for differential gains of up to 10 without 


the use of external compensation components. Higher gains 
may be achieved with suitable compensation. 


@ Instantaneous peak output power: 


-LM4860 Boomer® audio Power Amplifier Series 
‘Series 1W Audio Power Amplifier with Shutdown Mode 


Key Specifications 


m= THD+N at 1W continuous average 
output power into 8Q: 1% (max) 

>2W 

m Shutdown. current: 0.6yA (typ) 


Features 


_ @ No output coupling capacitors, bootstrap capacitors, or 
the LM4860 does not require output coupling capacitors, | P ee Bap 


bootstrap capacitors or snubber networks, it is optimally . 


snubber circuits are necessary 

Small Outline (SO) packaging 

Compatible with PC power supplies 

Thermal shutdown protection circuitry 

Unity-gain stable 

External gain configuration capability 

Two headphone control inputs and headphone sensing 
output 


_ Applications 


m Personal computers 
m Portable consumer products 
™ Cellular phones 


z ™ Self-powered speakers 


Typical Application 





DS011988-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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m Toys and games 


Connection Diagram 
Small Outline Package 


GND 
SHUTDOWN 
HP-SENSE 

GND 

BYPASS 
HP-IN 1 





DS011988-2 


Top View 
Order Number LM4860M 
See NS Package Number M16A 
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LM4861 Boomer ® audio Power Amplifier Series 
1.1W Audio Power Amplifier with Shutdown Mode 


General Description 


The LM4861 is a bridge-connected audio power amplifier ca- 
pable of delivering 1.1W of continuous average power to an 
8Q load with 1% THD+N using a 5V power supply. 


Boomer audio power amplifiers were designed specifically to 
provide high quality output power with a minimal amount of 
external components using surface mount packaging. Since 
the LM4861 does not require output coupling capacitors, 
bootstrap capacitors, or snubber networks, it is optimally 
suited for low-power portable systems. 


The LM4861 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. 

The unity-gain stable LM4861 can be configured by external 
gain-setting resistors for differential gains of up to 10 without 
the use of external compensation components. Higher gains 
may be achieved with suitable compensation. 


Typical Application 





DS011986-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Key Specifications 
@ THD+N for 1kHz at 1W continuous 
average output power into 8Q 


m@ Output power at 10% THD+N 
at 1kHz into 8Q 


m@ Shutdown Current 


1.0% (max) 





1.5W (typ) 
0.6pA (typ) 


Features 

@ No output coupling capacitors, bootstrap capacitors, or 
snubber circuits are necessary 

m Smail Outline (SO) packaging 

= Compatible with PC power supplies 

= Thermal shutdown protection circuitry 

m@ Unity-gain stable 

m External gain configuration capability 


Applications 

m Personal computers 

m Portable consumer products 
m™ Self-powered speakers 

m Toys and games 


Connection Diagram 


Small Outline Package 


SHUTDOWN 
BYPASS 
+\N 





DS011986-2 


Top View 
Order Number LM4861M 
See NS Package Number M08A 
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LM4862 Boomer® audio Power Amplifier Series 
675 mW Audio Power Amplifier with Shutdown Mode 


General Description 


The LM4862 is a bridge-connected audio power amplifier ca- 
pable of delivering typically 675mW of continuous average 
power to an 8Q load with 1% THD+N from a 5V power sup- 


ply. 


Boomer audio power amplifiers were designed specifically to 
provide high quality output power with a minimal amount of 
external components. Since the LM4862 does not require 
output coupling capacitors, bootstrap capacitors, or snubber 
networks, it is optimally suited for low-power portable sys- 
tems. 


The LM4862 features an externally controlled, low-power 


- consumption shutdown mode, as well as an internal thermal 


shutdown protection mechanism. 


The unity-gain stable LM4862 can be configured by external 
gain-setting resistors. 


Typical Application 





“Refer to the Application Information section for information 
concerning proper selection of the input coupling capacitor. 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Key Specifications 
= THD+N for 500mW continuous average 


output power at 1kHz into 8Q 1% (max) 

= Output power at 10% THD+N at 1kHz into 
8Q | 825mW (typ) 

m@ Shutdown Current 0.7pA (typ) 


Features | | 

m= No output coupling capacitors, bootstrap capacitors or. 
snubber circuits are necessary 

# Small Outline or DIP packaging 

m Unity-gain stable 

m External gain configuration capability 

m Pin compatible with LM4861 


Applications 
m= Portable computers 
= Cellular phones 
m Toys and games 


Connection Diagram 


Small Outline and DIP Package 


SHUTDOWN = 8 02 
BYPASS = Z GND 
+IN= Vp 
—{N : 2 Vol 
DS012342-2 

Top View 


Order Number LM4862M, LM4862N 
See NS Package Number MO8A or NO8E 


DS012342-1 
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LM4863 Boomer® audio Power Amplifier Series 
Dual 2.2W Audio Amplifier Plus Stereo Headphone 
Function 





General Description Key Specifications 

The LM4863 is a dual bridge-connected audio power ampli- = Po at 1% THD+N 

fier which, when connected to a 5V supply, will deliver2.2V mm LM4863LQ, 3Q, 4Q loads 2.5W(typ), 2.2W(typ) 
to a 4Q load (Note 1) or 2.5W to a 3Q load (Note 2) withless m LM4863MTE, 30, 4Q loads 2.5W(typ), 2.2W(typ) 
than 1.0% THD+N. In addition, the headphone input pin al- —™ LM4863MTE, 8Q load 1.1W(typ) 
lows the amplifiers to operate in single-ended mode when LM4863. 8Q 4.1W(typ) 
Sriving Stereo neadpnones: B® Single-ended mode THD+N at 75mW into 

Boomer audio power amplifiers were designed specifically to 320 0.5%(max) 
provide high quality output power from a surface mount = shutdown current 0.7yA(typ) 
package while requiring few external components. To sim- = Supply voltage range 2.0V to 5.5V 


plify audio system design, the LM4863 combines dual bridge 
speaker amplifiers and stereo headphone amplifiers on one 
ahi: Features 

The LM4863 features an externally controlled, low-power | Stereo headphone amplifier mode 
consumption shutdown mode, a stereo headphone amplifier = “Click and pop” suppression circuitry 
mode, and thermal shutdown protection. It also utilizes cir- | ™ Unity-gain stable 


cuitry to reduce “clicks and pops’ during device turn-on. = Thermal shutdown protection circuitry 
Note 1: An LM4863MTE or LM4863LQ that has been properly mounted to = SOIC, DIP, TSSOP and exposed-DAP TSSOP and LLP 
a circuit board will deliver 2.2W into 4Q. The other package options for the packages 


LM4863 will deliver 1.1W into 8Q. See the Application Information sections 
for further information concerning the LM4863MTE and LM4863LQ. 


Note 2: An LM4863MTE or LM4863LQ that has been properly mounted to a Appl ications 
circuit board and forced-air cooled will deliver 2.5W into 3Q. = Multimedia monitors 


m Portable and desktop computers 
m@ Portable televisions 


Typical Application 





CONTROL PIN 





RING 





Shutdown 
To Control Pin on 
Headphone Jack 


DS012881-1 


Note: Pin out shown for DIP and SO packages. Refer to the Connection Diagrams for the pinout of the TSSOP, Exposed-DAP TSSOP, and Exposed-DAP 
LLP packages. 
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LM4863 


Connection Diagrams 


SH Shutdown 
SCI] cno 





nc fL]t 19[[]} GND 
+OUT AFL] 2 +0UTB 
Yoo |LI3 1701} Yop 
~ouTA}[]4 16[_]J-OuTB 
-INAIL5 » 1SE]}-inB 
Gnd IL]6 14[[] | Bypass 
+INA C7 ; 13] ]}+INB 
DS012881-28 a a = Ul LI 
Top View Fe py g012881-30 
Order Number LM4863M, LM4863N Top View 
See NS Package Number M16B for SO 
Order Number LM4863LQ 
NS Pack N N16E for DIP 
See No Feckage NUMDer o See NS Package Number LQA24A for Exposed-DAP 
LLP 





DS012881-29 


Top View 
Order Number LM4863MT 
See NS Package Number MTC20 for TSSOP 


SHUTDOWN 
GND 
+OUTA 
Yop 
-OUTA 
-INA 

GND 

+INA 

GND 





DS012881-2 


Top View 
Order Number LM4863MTE 
See NS Package Number MXA20A for Exposed-DAP 
TSSOP 
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LM4864 Boomer® audio Power Amplifier Series 
300 mW Audio Power Amplifier with Shutdown Mode 


General Description 


The LM4864 is a bridged audio power amplifier capable of 
delivering 300mW of continuous average power into an 8Q 
load with 1% THD+N from a 5V power supply. 


Boomer® audio power amplifiers were designed specifically 
to provide high quality output power from a low supply volt- 
age while requiring a minimal amount of external compo- 
nents. Since the LM4864 does not require output coupling 
capacitors, bootstrap capacitors or snubber networks, it is 
optimally suited for low-power portable applications. 


The LM4864 features an externally controlled, low power 
consumption shutdown mode, and thermal shutdown protec- 
tion. 

The closed loop response of the unity-gain stable LM4864 
can be configured by external gain-setting resistors. The de- 
vice is available in multiple package types to suit various ap- 
plications. 


Typical Application 





FIGURE 1. Typical Audio Amplifier Application Circuit 
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Key Specifications 
@ THD+N at 1kHz for 300mW continuous 
average output power into 8Q 


@ THD+N at 1kHz for 300mW continuous 
average output power into 16Q 


m Shutdown current 


1.0% (max) 


1.0% (max) 
0.7pA (typ) 


Features 

= MSOP, SOP, and DIP packaging 

m™ No output coupling capacitors, bootstrap capacitors, or 
snubber circuits are necessary 

m Thermal shutdown protection circuitry 

m@ Unity-gain stable 

m External gain configuration capability 


Applications 

m™ Cellular phones 

m Personal computers 

m™ General purpose audio 


Connection Diagram 
MSOP, SOP, and DIP Package 


SHUTDOWN 
BYPASS 





DS012607-2 


Top View 
Order Number LM4864MM, 
LM4864M or LM4864N 
See NS Package Number MUAO8A, 
MO8A or NO8E 


DS012607-1 


www.national.com 


v987IN1 


LM4865 
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LM4865 Boomer® audio Power Amplifier Series 
750 mW Audio Power Amplifier with DC Volume Control 


and Headphone Switch 


General Description 


The LM4865 is a mono bridged audio power amplifier with 
DC voltage volume control. The LM4865 is capable of deliv- 
ering 750mW of continuous average power into an 8Q load 
with less than 1% THD when powered by a 5V power supply. 
Switching between bridged speaker mode and headphone 
(single ended) mode is accomplished using the headphone 
sense pin. To conserve power in portable applications, the 
LM4865’s micropower shutdown mode (Ig = 0.7pA, typ) is 
activated when less than 300mV is applied to the DC Vol/SD 
pin. 

Boomer audio power amplifiers are designed specifically to 
provide high power audio output while maintaining high fidel- 
ity. They require few external components and operate on 


. low supply voltages. 


Applications 
= GSM phones and accessories, DECT, office phones 
m™ Hand held radio 


Typical Application 


Click/Pop 
Suppression 
1/2 sere 





DS101025-1 
FIGURE 1. Typical Audio Amplifier 


Application Circuit 
(Numbers in ( ) are specific to the micro SMD package) 
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= Other portable audio devices 


Key Specifications 


@ Po at 1.0% THD+N into 8Q 750mW (typ) 


SO, micro SMD 
@ Po at 10% THD+N into 8Q 1W (typ) 
SO, micro SMD : | 
m Shutdown current 0.7uA(typ) 
m@ Supply. voltage range 2.7V.to 5.5V 


Features 

= DC voltage volume control 

m™ Headphone amplifier mode 

m “Click and pop” suppression 

m™ Shutdown control when volume control pin is low 
= Thermal shutdown protection 


Connection Diagrams 


micro SMD Package 


Yop 





Bypass 
05101026:96 
Top View | 
Order Number LM48651BP 
See NS Package Number BPAO8CFB 


Small Outline Package (SO) 
Mini Small Outline Package (MSOP) 


1 WY 8 
2 7 
-Vin Bypass 
53 8 GND 
DC Voi 2 ot 
DS101025-2 
Top View 


Order Number LM4865M, LM4865MM 
See NS Package Number M08A, MUA08A 
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LM4870 Boomer® audio Power Amplifier Series 
1.1W Audio Power Amplifier with Shutdown Mode 


General Description Key Specifications 

The LM4870 is a bridge-connected audio power amplifierca-  ™ THD+N at 1W into 8Q 0.5% (max) 

pable of delivering 1.1W of continuous average power to an =m Output power into 8Q at 1kHz at 10% THD+N 1.5W (typ) 

8Q load with less than 0.5% THD+N over the audio spectrum  m Shutdown Current 0.6uA (typ) 4 


from a 5V power supply. 


Boomer audio power amplifiers were designed specificalyto Features 
provide high quality output power with a minimal number of 
external components. Since the LM4870 does not require 
output coupling capacitors, bootstrap capacitors or snubber 
networks, it is optimally suited for low-power portable sys- 
tems. 


The LM4870 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal j , 
shutdown protection mechanism. It also includes two head- Applications 

phone control inputs and a headphone sense output for ex- m= Personal computers 
ternal monitoring. The LM4870 is unity-gain stable and the m Desktop computers 

gain is set using external resistors. = Low voltage audio system 


@ No output coupling capacitors, bootstrap capacitors, or 
snubber circuits are necessary 

= Small Outline (SOIC) power packaging 

m@ Unity-gain stable 

m External gain configuration capability 


Typical Application Connection Diagram 
Small Outline Package 


GND 
SHUTDOWN 
HP=SENSE 





DS106094-2 


Top View 
Order Number LM4870M 
See NS Package Number M16A 





DS100094-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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LM4871 Boomer ® audio Power Amplifier Series. 
1.1W Audio Power Amplifier with Shutdown Mode. 


General Description 


The LM4871 is a bridge-connected audio power amplifier ca- 
pable of delivering typically 1.1W of continuous average 
power to an 8Q load with 0.5% (THD) from a 5V power sup- 
ply. 

Boomer audio power amplifiers were designed specifically to 
provide high quality output power with a minimal amount of 
external components. Since the LM4871 does not require 
output coupling capacitors, bootstrap capacitors, or snubber 
networks, it is optionally suited for low-power portable sys- 
tems. 


The LM4871 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. 

The unity-gain stable LM4871 can be configured by external 
gain-setting resistors. 


Typical Application 





Key Specifications | 

@ THD at 1kHz at 1W continuous average output power 
into 8Q 0.5% (max) 

m Output power at 10% THD+N at 1kHz into 8Q 1.5W (typ) 

@ Shutdown Current 0.6yA (typ) 

= Supply voltage range 2.0V to 5.5V 


Features 

m No output coupling capacitors, bootstrap capacitors, or 
snubber circuits are necessary 

= Small Outline or DIP packaging 

m@ Unity-gain stable 

m External gain configuration capability 

m Pin compatible with LM4861 


Applications 

= Portable Computers 

m Desktop Computers 

m Low Voltage Audio Systems 


Connection Diagram 


Small Outline and DIP Package 


1 8 
SHUTDOWN Vo2 
2 7 
BYPASS GND 
3 6 
+|N Vpp 
4 5 
IN Vo 1 
DS100008-2 
Top View 


Order Number LM4871M or LM4871N 
See NS Package Number MO8A or NO8E 


DS100008-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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LM4872 Boomer® audio Power Amplifier Series 
1 Watt Audio Power Amplifier in micro SMD package 


General Description 


The LM4872 is a bridge-connected audio power amplifier ca- 
pable of delivering 1 W of continuous average power to an 
8Q load with less than .2% (THD) from a 5V power supply. 


Boomer audio power amplifiers were designed specifically to 
provide high quality output power with a minimal amount of 
external components. Since the LM4872 does not require 
output coupling capacitors or bootstrap capacitors. It is opti- 
mally suited for low-power portable applications. 

The LM4872 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. 

The unity-gain stable M4872 can be configured by external 
gain-setting resistors. 


Typical Application 





Key Specifications 


m Power Output at 0.2% THD 1W (typ) 

m Shutdown Current 0.01pA (typ) 4 
Features 

™ micro SMD package (see App. note AN-1112) 


5V - 2V operation 

No output coupling capacitors or bootstrap capacitors. 
Unity-gain stable 

External gain configuration capability 


Applications 


@ Cellular Phones 
= Portable Computers 
m Low Voltage Audio Systems 


Connection Diagram 


8 Bump micro SMD 
, V,1 
8 
-N 11 O © OE j7 +n 


@ 
GND 2 5 ® O 16 Yop 


Bypass 31 C) © CO |5 Shutdown 
4 


V,2 


fe) 


DS101230-23 
Top View 
Order Number LM4872IBP, LM4872IBPX 
See NS Package Number BPAO8B6B 


DS101230-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 


ABI 
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LM4873 


National Semiconductor 


LM4873 Boomer® audio Power Amplifier Series - Pg 424 e es 
Dual 2.1W Audio Amplifier Plus Stereo Headphone 


Function 


General Description 


The LM4873 is a dual bridge-connected audio power ampli- 
fier which, when connected to a 5V supply, will deliver 2.1W 
to a 4Q load (Note 1) or 2.4W to a 3Q load (Note 2) with less 
than 1.0% THD+N. In addition, the headphone input pin al- 
lows the amplifiers to operate in single-ended mode when 
driving stereo headphones. A MUX control pin allows selec- 
tion between the two stereo sets of amplifier inputs. The 
MUX control can also be used to select two different 


| closed-loop responses. 


Boomer audio power amplifiers were designed specifically to 
provide high quality output power from a surface mount 
package while requiring few external components. To sim- 
plify audio system design, the LM4873 combines dual bridge 
speaker amplifiers and stereo headphone amplifiers on one 


| chip. 


The LM4873 features an externally controlled, low-power 
consumption shutdown mode, a stereo headphone amplifier 
mode, and thermal shutdown protection. It also utilizes cir- 
Ccuitry to reduce “clicks and pops” during device turn-on. 

Note 1: An LM4873MTE-1, LM4873MTE, or LM4873LQ that has been prop- 
erly mounted to a circuit board will deliver 2.1W into 4Q. The other package 
options for the LM4873 will deliver 1.1W into 8Q. See the Application Informa- 
tion sections for further information concerning the LM4873MTE-1, 


| LM4873MTE, and the LM4873LQ. 


Note 2: An LM4873MTE-1, LM4873MTE, or LM4873LQ that has been prop- 
erly mounted to a circuit board and forced-air cooled will deliver 2.4W into 3Q. 


Typical Application 






Audio C 
Input 1 uF 


0.33 pF 
Audio ©; 
Input 1 uF R 


100 ka 
Shutdown 
To Control Pin 
on Headphone HP-IN 


Jack 





100 kn 





= 18,25,27,28 


Key Specifications 


m Po at 1% THD+N 
LM4873LQ, 3Q, 4Q loads 2.4Wtyp), 2.1W(typ) 
LM4873MTE-1, 3Q, 4Q loads 2.4W(typ), 2.1W(typ) 


LM4873MTE, 40 1.9W(typ) 

LM4873, 8Q 1.1W(typ) 

m Single-ended mode THD+N 0.5%(max) 
at 75mW into 320 

m@ Shutdown current 0.7pA(typ) 

m@ Supply voltage range 2V to 5.5V 


Features 

m@ Input mux control and two separate inputs per channel 
m Stereo headphone amplifier mode Af 
™ “Click and pop” suppression circuitry 

= Thermal shutdown protection circuitry 

= TSSOP and exposed-DAP TSSOP and LLP packages 


Applications 

@ Multimedia monitors 

m Portable and desktop computers 
m Portable audio systems 


CONTROL PIN 







RING 













DS100993-31 


Note: Pin out shown for the 28-pin Exposed-DAP TSSOP package. Refer to the Connection Diagrams for the pin out of the 20-pin Exposed-DAP TSSOP 


and Exposed-DAP LLP packages. 
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Connection Diagrams 





DS100993-30 


Top View 
Order Number LM4873MTE-1 
See NS Package Number MXA28A for Exposed-DAP 
TSSOP 


[_]} SHUTDOWN 


' FE] ] eno 





a 
=z 
oO 

CL] 

24 


bo 
Ww 





SHUTDOWN 


+INA 
“IN A2 
MUX CTRL 





DS100993-2 


Top View 
Order Number LM4873MT, LM4873MTE 
See NS Package Number MTC20 for TSSOP 
See NS Package Number MXA20A for Exposed-DAP 
TSSOP 


[-]] on 
' [| HP-iN 


nc {L_] 1 GND 
+ouT AJ [_] 2 +OUT B 
Vo {LJ 3 Yop 
-ouT A} [_] 4 -OUT B 
-INA}[LJ]5 -IN B 
cno |] 6 BYPASS 
+IN ALL] 7 +IN B 
8 9 10 7 
S$ tea 8 
© 2 5 z o 
7 Oo aR 
~< 
a) 
= : 
DS100993-38 
Top View 


Order Number LM4873LQ 
See NS Package Number LQA24A for Exposed-DAP LLP 
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LM4876 





AY national Semiconductor 


LM4876 Boomer® Audio Power Amplifier Series 
1.1W Audio Power Amplifier with Logic Low Shutdown 


General Description 


The LM4876 is a single 5V supply bridge-connected audio 
power amplifier capable of delivering 1.1W (typ) of continu- 
ous average power to an 8Q load with 0.5% THD+N. 


Like other audio amplifiers in the Boomer series, the LM4876 
is designed specifically to provide high quality output power 
with a minimal amount of external components. The LM4876 
does not require output coupling capacitors, bootstrap ca- 
pacitors, or snubber networks. It is perfectly suited for low- 
power portable systems. 

The LM4876 features an active low externally controlled, 
micro-power shutdown mode. Additionally, the LM4876 fea- 
tures an internal thermal shutdown protection mechanism. 
For PCB space efficiency, the LM4876 is available in MSOP 
and SO surface mount packages. 

The unity-gain stable LM4876’s closed loop gain is set using 
external resistors. 


Typical Application 


i 


FIGURE 1. Typical LM4876 Audio Amplifier Application 
Circuit. Numbers in ( ) are specific to the 10-pin MSOP 
package 
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Key Specifications 
@ THD+N at 1kHz for 1W continuous 
average output power into 8Q 


m@ Output power at 1kHz into 8Q 
with 10% THD+N 


m Shutdown current 
@ Supply voltage range 


0.5% (max) 
1.5W (typ) 


0.01pA (typ) 
2.0V to 5.5V 


Features 

m™ Does not require output coupling capacitors, bootstrap 
capacitors, or snubber circuits 

m 10-pin MSOP and 8-pin SO packages 

m@ Unity-gain stable 

mw External gain set 


Applications 

m Mobile Phones 

m Portable Computers 

m Desktop Computers 

m Low-Voltage Audio Systems 


Connection Diagrams 


Mini Small Outline MSOP Package 


1 10 


SHUTDOWN Vo2 
BYPASS = 2 GND 
GND — : Vi5 
siN— / GND 
ae Sot 
DS101299-25 

Top View 


Order Number LM4876MM 
See NS Package Number MUB10A 


Small Outline SO Package 


SHUTDOWN 


8 
Vo2 

2 7 
DS101299-1 BYPASS GND 

3 6 
+{N Vop 

4 
-{N 2 Vol 
DS101299-2 
Top View 


Order Number LM4876M 
See NS Package Number M08A 
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LL8vW1 


National Semiconductor 


LM4877 Boomer® audio Power Amplifier Series 
1 Watt Audio Power Amplifier in micro SMD package 
with Shutdown Logic Low 





General Description Key Specifications 
The LM4877 is a bridge-connected audio power amplifierca- | ™ Power Output at 0.2% THD 1W (typ) 
pable of delivering 1 W of continuous average power to an ™ Shutdown Current 0.01p/A (typ) 


8Q load with less than .2% (THD) from a 5V power supply. 
Boomer audio power amplifiers were designed specificalyto Features 


provide high. quality output power with a minimal amount of = micro SMD package (see App. note AN-1112) 
external components. Since the LM4877 does not require, 5V - 2V operation 


output coupling capacitors or bootstrap capacitors. It is opti- ; : 

mally suited for low-power portable applications. a No output coupling capacitors or bootstrap capacitors. 
m Unity-gain stable 

The LM4877 features an externally controlled, low-power aE sisy nal Gain GOnTGUIDTiON Gababillt 

consumption shutdown mode, as well as an internal thermal g g P y 

shutdown protection mechanism. A li ti 

The unity-gain stable LM4877 can be configured by external Pp lcations 


gain-setting resistors. @ Cellular Phones 
m= Portable Computers 


m™ Low Voltage Audio Systems 


Typical Application Connection Diagram 


8 Bump micro SMD 
Vo 1 
8 
~i1O O O 
GND 2} © O |6 pp 
Bypass 3 O O O 
4 
Vo2 


7 =+iN 


5 Shutdown 


DS101290-23 
Top View 
Order Number LM4877IBP, LM4877IBPX 
See NS Package Number BPA0O8B6B 





DS101290-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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LM4880 


A vationat Semiconductor 


LM4880 Boomer® audio Power Amplifier Series 
Dual 250 mW Audio Power ss cata with Shutdown 


Mode 


General Description 


| The LM4880 is a dual audio power amplifier capable of deliv- 


ering typically 250mW per channel of continuous average 
power to an 8Q load with 0.1% THD+N using a 5V power 
supply. 

Boomer audio power amplifiers were designed specifically to 
provide high quality output power with a minimal amount of 


. external components using surface mount packaging. 


Since the LM4880 does not require bootstrap capacitors or 
snubber networks, it is optimally suited for low-power por- 
table systems. 


The LM4880 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 


_ shutdown protection mechanism. 
~ The unity-gain stable LM4880 can be configured by external 


gain- setting resistors. 


Key Specifications 


m THD+N at 1kHz at 200mW continuous average suite 
power into 8Q: 0.1% (max) — 


Typical Application 





FIGURE 1. Typical Audio 
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@ THD+N at 1kHz at 85mW continuous average output 
power into 32Q: 0.1% (typ) | 

= Output power at 10% THD+N at 1kHz into 8Q: 
325mW (typ) 

m Shutdown current: 0.7uUA (typ) 

m@ 2.7V to 5.5V supply voltage range 


Features | 

m™ No bootstrap capacitors or snubber circuits are 
necessary 

= Small Outline (SO) and DIP packaging 

m Unity-gain stable 

m External gain configuration capability 


Applications 
m Headphone Amplifier 
m™ Personal Computers 
™ CD-ROM Players 


80 OR 
320, 


8 OR 
320, 


DS012343-1 


_ *Refer to the Application Information section for information concerning proper selection of the input and output coupling capacitors. 


Amplifier Application Circuit 
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Connection Diagram 


Small Outline and 
DIP Packages 


OUT A= Vie) 


IN A OUIT B 
BYPASS IN {3 











GND SHLITDOWN 


DE 3012343-2 


Top View 
Order Number LM4880M or L.M4880N 
See NS Package Number M08'A for SO 
or NS Package Number NOSE: for DIP 
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LM4881 


AY vational Semiconductor 


LM4881 Boomer® audio Power Amplifier Series 
Dual 200 mW Headphone Amplifier with Shutdown Mode 


General Description 


The LM4881 is a dual audio power amplifier capable of cleliv- 
ering 200mW of continuous average power into an 8©) load 
with 0.1% THD+N from a 5V power supply. 


Boomer audio power amplifiers were designed specificizilly to | 


provide high quality output power with a minimal amou int of 
external components using surface mount packaging. {3ince 
the LM4881 does not require bootstrap capacitors or s:nub- 
ber networks, it is optimally suited for low-power portable 
systems. 

The LM4881 features an externally controlled, low |::ower 
consumption shutdown mode which is virtually clickles:3 and 
popless, as well as an internal thermal shutdown protection 
mechanism. 

The unity-gain stable LM4881 can be configured by ext:ernal 
gain-setting resistors. 


Typical Application 






Re 


Audio 
Input 


G 
Me 3yShutd 
utadown 
i | 
— Bypass 


50 ka 
IN B 


e—_ bE 


*Refer to the Application Information Section for information concerning 
proper selection of the input and output coupling capacitors. 
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FIGURE 1. Typical Audio Amplifier Application Circuit 
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Key Specifications 


@ THD+N at 1kHz at 125mW 
continuous average output 
power into 8Q 

@ THD+N at 1kHz at 75mW 

continuous 
average output power into 32Q 

m Output power at 10% THD+N 
at 1kHz into 8Q 

m Shutdown Current 

m@ Supply voltage range 


0.1% (max) 


0.02% (typ) 


300mW (typ) 


0.7u/A (typ) 
2.7V to 5.5V 


Features 

m= MSOP surface mount packaging 

m Unity-gain stable 

m External gain configuration capability 

m Thermal shutdown protection circuitry 

= No bootstrap capacitors, or snubber circuits are 
necessary 


Applications 


@ Headphone Amplifier 
m Personal Computers 
@ Microphone Preamplifier 


Connection Diagrams 


MSOP Package 


BYPASS — oy A 
GND = LUT A 

SHUTDOWN = © Vp 
Vy B= 2 OUT B 


DS100005-2 


SOP and DIP Package 


OUT A= g Vop 
INA J out B 
BYPASS = SiN B 
GND + > SHUTDOWN 
DS100005-38 
Top View 


Order Number LM4881MM, LM4881M, or LM4881N 
See NS Package Number MUAO8A, MO8A, or NO8E 
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LM4882 Boomer® audio Power Am 


National Semiconductor 


plifier Series 


250mW Audio Power Amplifier with Shutdown Mode 


General Description 


The LM4882 is a single-ended audio power amplifier ca- 
pable of delivering 250mW of continuous average power into 
an 8Q load with 1% THD+N from a 5V power supply. 


Boomer® audio power amplifiers were designed specifically 
to provide high quality output power with a minimal amount 
of external components using surface mount packaging. 
Since the LM4882 does not require bootstrap capacitors or 
snubber networks, it is optimally suited for low-power por- 
table systems. 

The LM4882 features an externally controlled, low power 
consumption shutdown mode which is virtually clickless and 
popless, as well as an internal thermal shutdown protection 
mechanism. 


The unity-gain stable LM4882 can be configured by external 
gain-setting resistors. 


Typical Application 







Audio 
Input 
*¢C, 


i i 
; 0.33 uF 20kn 
+ 


Yoo 


DS100030-1 


*Refer to the Application Information Section for information concerning 
proper selection of the input and output coupling capacitors. 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Key Specifications 


@ THD+N at 1kHz at 250mW 
continuous average output 
power into 8Q 

m@ Output Power at 1% THD+N 
at 1kKHz into 4Q 

@ THD+N at 1kHz at 85mW 
continuous average output 
power into 320 


@ Shutdown Current 


1.0% (max) 


380mW (typ) 


0.1% (typ) 
0.7HA (typ) 


Features 

m MSOP surface mount packaging 

“Click and Pop” Suppression Circuitry 

Supply voltages from 2.4V—5.5V 

Operating Temperature —40°C to 85°C 
Unity-gain stable 

External gain configuration capability 

No bootstrap capacitors, or snubber circuits are 
necessary 


Applications 


m Personal Computers 
= Cellular Phones 
= Generali Purpose Audio 


Connection Diagram 


MSOP and SOIC Package 


{ 


8 
SHUTDOWN GND 
2 7 
BYPASS GND 
3 6 
4 5 
-IN OUT 
DS100030-2 
Top View 


Order Number LM4882MM or LM4882M 
See NS Package Number MUAO8A or MO8A 
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LM4890 


AY national Semiconductor 


LM4890 Boomer® Audio Power Amplifier Series — 


1 Watt Audio Power Amplifier 


General Description 


The LM4890 is an audio power amplifier primarily designed 
for demanding applications in mobile phones and other por- 
table communication device applications. It is capable of de- 
livering 1 watt of continuous average power to an 8Q BTL 
load with less than 1% distortion EN from a 5Vpce 
power supply. 


Boomer audio power amplifiers were denied specifically to 
provide high quality output power with a minimal amount of 
external components. The LM4890 does not require output 
coupling capacitors or bootstrap capacitors, and therefore is 
ideally suited for mobile phone and other low voltage appli- 


- cations where minimal power consumption is a primary re- 


quirement. 


The LM4890 features a low-power consumption shutdown 
mode, which is achieved by driving the shutdown pin with 
logic low. Additionally, the LM4890 features an internal ther- 
mal shutdown protection mechanism. 


The LM4890 contains advanced pop & click circuitry which 
eliminates noises which would otherwise occur during 
turn-on and turn-off transitions. 
The LM4890 is unity-gain stable and can be configured by 
external gain-setting resistors. 


Typical Application 


Shutdown 
Control 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Key Specifications 


m Improved PSRR at 217Hz 66dB 
m@ Power Output at 5.0V & 1% THD 1.0W(typ.) 
m@ Power Output at 3.3V & 1% THD 400mWityp.) 
m Shutdown Current 0.1pA(typ.) 


Features 

m@ Available in space-saving packages micro SMD, MSOP 
and SOIC 

m@ Ultra low current shutdown mode 

= Can drive capacitive loads up to 500 pF 

m Improved pop & click circuitry eliminates noises during 
turn-on and turn-off transitions 

m 2.0 - 5.5V operation 

™ No output coupling capacitors, snubber networks or 
bootstrap capacitors required 

m Unity-gain stable 

m External gain configuration capability 


Applications 

m Mobile Phones 

= PDAs 

m™ Portable electronic devices 





DS101310-1 
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Connection Diagram 


8 Bump micro SMD 
V,1 
8 

-N 11 OC OO © ]f7 +N 


GND 2 52 O 1/6 “pp 


Bypass 31 CQ © O© 5 Shutdown 
4 


Vy2 


DS101310-23 
Top View 
Order Number LM4890/BP, LM4890IBPX 
See NS Package Number BPAO8FFB 


Small Outline (SO) Package 





1 8 
SHUTDOWN Vo2 

2 7 
BYPASS GND 

3 6 
+IN Vop 

4 5 
-IN Vol 
DS101310-35 

Top View 


Order Number LM4890M 
See NS Package Number MO8A 


Mini Small Outline (MSOP) Package 


ae, 8 
SHUTDOWN Vo2 

2 7 
BYPASS GND 

3 6 
+iN Vpp 

4 5 
-IN Vo1 
DS101310-36 

Top View 


Order Number LM4890MM 
See NS Package Number MUA08A 
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micro SMD Marking 
X T G 


[ao] £ 


DS101310-70 


Top View 
X - Date Code 
T - Die Traceability 
G - Boomer Family 
E - LM4890IBP 


Pin 1 


SO Marking 





Pin 1 


DS101310-72 


Top View 
XY - Date Code 
TT - Die Traceability 
Bottom 2 lines - Part Number 


MSOP Marking 
Z9 0 


Pin 1 
DS101310-71 
Top View 
Z - Boomer Family 
90 - LM4890MM 
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LM675 





AY vational Semiconductor 


LM675 . 
Power Operational Amplifier 


General Description = 1 mV typical offset voltage 

The LM675 isa monolithic power operational amplifier fea- z sil eke eae parole circuit (100% tested) 

turing wide bandwidth and low input offset voltage, making it 

equally suitable for AC and DC applications. 7 16V-60V supply range 

The LM675 is capable of delivering output currents in excess = Wide cOrnmon-mede (ange 

of 3 amps, operating at supply voltages of up to 60V. The de- __™ Internal output protection diodes 

vice overload protection consists of both internal current lim- | ™ 90 GB ripple rejection 

iting and thermal shutdown. The amplifier is also internally | ™ Plastic power package TO-220 

compensated for gains of 10 or greater. . 
Applications 

High performance power op amp 

Bridge amplifiers 

Motor speed controls 

Servo amplifiers 

Instrument systems 


Features 

m 3A current capability 

® Avo typically 90 dB 

m 5.5 MHz gain bandwidth product 
= 8 V/us slew rate 

m= Wide power bandwidth 70 kHz 


Connection Diagram Typical Applications 


TO-220 Power Package (T) Non-Inverting Amplifier 
+Vec 





DS006739-1 
*The tab is internally connected to pin 3 (—VEg) 
Front View 


Order Number LM675T 
See NS Package T05D 





DS006739-2 
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AY vationat Semiconductor 


Audio Controls and Signal Processing 
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LM1036 





LM1036 is Z 


General Description 


The LM1036 is a DC controlled tone (bass/treble), volume 
and balance circuit for stereo applications in car radio, TV 


~ and audio systems. An additional control input allows loud- 


ness compensation to be simply effected. 
Four control inputs provide control of the bass, treble, bal- 


~ ance and volume functions through application of DC volt- 
ages from a remote control system or, alternatively, from four 


potentiometers which may be biased from a zener regulated 
supply provided on the circuit. 

Each tone response is defined by a single capacitor chosen 
to give the desired characteristic. 


Block and Connection Diagram 


National Semiconductor 


Dual DC Operated Tone/Volume/Balance Circuit 


Features 

m Wide supply voltage range, 9V to 16V 

m Large volume control range, 75 dB typical 

m™ Tone control, +15 dB typical 

m= Channel separation, 75 dB typical 

= Low distortion, 0.06% typical for an input level of 0.3 
Vrms 

High signal to noise, 80 dB typical for an input level of 
0.3 Vrms 

Few external components required 


Dual-In-Line Package 
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TREBLE CAPACITOR 1 


TREBLE CONTROL INPUT 


AC BYPASS 1 


BASS CAPACITOR 1 


LOUDNESS COMPENSATION 
CONTROL INPUT 


OUTPUT 1 


VOLUME/ 
BALANCE 


BALANCE CONTROL INPUT 


GND 


INPUT 2 


TREBLE CAPACITOR 2 


ZENER VOLTAGE 


AC BYPASS 2 


BASS CAPACITOR 2 


BASS CONTROL INPUT 


VOLUME/ 


BALANCE OUTPUT 2 


VOLUME CONTROL INPUT 


Vec 


TOP VIEW 


DS005142-1 


Order Number LM1036N 
See NS Package Number N20A 
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National Semiconductor 





LM1971Overture™ Audio Attenuator Series 
Digitally Controlled 62 dB Audio Attenuator with/Mute 





General Description © Key Specifications 

The LM1971 is a digitally controlled single channel audio at- | ™ Total harmonic distortion 0.0008% (typ) 
tenuator fabricated on a CMOS process. Attenuation is vari- ™ Frequency response > 200 kHz (—3 dB) (typ) 
able in 1 dB steps from 0 dB to —-62 dB. A mute function dis- = Attenuation range (excluding mute) 62 dB (typ) 
connects the input from the output, providing over 100 dB of == Dynamic range 115 dB (typ) 
attenuation. = Mute attenuation 102 dB (typ) 


The performance of the device is exhibited by its ability to 
change attenuation levels without audible clicks or pops. In 

addition, the LM1971 features a low Total Harmonic Distor- Features ; 

tion (THD) of 0.0008%, and a Dynamic Range of 115 dB, ™ 3-Wwire serial interface 

making it suitable for digital audio needs. The LM1971 is _™ Mute function 

available in both 8-pin plastic DIP or SO packages. m™ Click and pop free attenuation changes 

The LM1971 is controlled by a TTL/CMOS compatible 3-wire  ™ 8-pin plastic DIP and SO packages available 
serial digital interface. The active low LOAD line enables the ; 7 

data input registers while the CLOCK line provides system Applications 

timing. Its DATA pin receives serial data on the rising edge Of == Communication systems 

each CLOCK pulse, allowing the desired attenuation setting 


a Phon n 
to be selected. Cellular Phones and Pagers 


= Personal computer audio control 
m™ Electronic music (MIDI) 

=™ Sound reinforcement systems 

m@ Audio mixing automation 


Typical Application 


4.5V < Vpp S 12V 












10ka Yop 

VREFIN 0.1 uF 
en LM1971 ae eee 
udi pF Outpu 
input U1 OUT 





Digital ~ 
Control 


DS012353-1 


FIGURE 1. Typical Audio Attenuator Application Circuit 
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LM1971 


Connection Diagram 


Dual-in-Line Plastic or Surface Mount Package 


LOAD 
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Top View 
Order Number LM1971M or LM1971N 
See NS Package Number MO8A or NO8E 
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CLOCK 
DATA 
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National Semiconductor 


LM1972 


uPot™ 2-Channel 78dB Audio Attenuator with Mute 


General Description 


The LM1972 is a digitally controlled 2-channel 78dB audio 
attenuator fabricated on a CMOS process. Each channel 
has attenuation steps of 0.5dB from OdB-—47.5dB, 1.0dB 
steps from 48dB—78dB, with a mute function attenuating 
104dB. Its logarithmic attenuation curve can be customized 
through software to fit the desired application. 


The performance of a pPot is demonstrated through its ex- 
cellent Signal-to-Noise Ratio, extremely low (THD+N), and 
high channel separation. Each pPot contains a mute function 
that disconnects the input signal from the output, providing a 
minimum attenuation of 96dB. Transitions between any at- 
tenuation settings are pop free. 

The LM1972’s 3-wire serial digital interface is TTL and 
CMOS compatible; receiving data that selects a channel and 
the desired attenuation level. The Data-Out pin of the 
LM1972 allows multiple pPots to be daisy-chained together, 
reducing the number of enable and data lines to be routed 
for a given application. 


Key Specifications 


# Total Harmonic Distortion + Noise: 0.003% (max) 


Typical Application 


AUDIO 
IN# 1 


- LM1972 


U1 


AUDIO 
IN#2 
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FIGURE 1. Typical Audio Attenuator Application Circuit 
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100 kHz (—3dB) (min) 
78dB (typ) 
+0.25dB (max) 
~ 110dB (min) 
100dB (min) 


mi Frequency response: 
mi Attenuation range (excluding mute): 
in Differential attenuation: 

ta! Signal-to-noise ratio (ref. 4 Vrms): 
tl Channel separation: 


Features 

ml! 3-wire serial interface 

im Daisy-chain capability 

‘8 104dB mute attenuation 

t# Pop and click free attenuation changes 


Applications 

is Automated studio mixing consoles 
lt Music reproduction systems 

4, Sound reinforcement systems 

‘it Electronic music (MIDI) 

itt Personal computer audio control — 


(Sonnection Diagram 


Dual-iIn-Line Plastic or 
Surface Mount Package 


e 
z 
Nh 


LOGIC GND 
CLOCK 
LOAD/SHIFT 


{ 

2 
: 
4 
5 
6 
7 
8 
9 
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DS011978-2 
Top View 
Order Number LM1972M or LM1972N 
See NS Package Number M20B or N20A 
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LM1973 


AY vationat Semiconductor 


LM1973 


uPot™3-Channel 76dB Audio Attenuator with Mute 


General Description | 


The LM1973 is a digitally controlled 3- channel 76dB audic) 
attenuator fabricated on a CMOS process. Each channe| 
has attenuation steps of 0.5dB from OdB—-15.5aB, 1.0dE} 
steps from 16dB-—47aB, and 2.0dB steps from 48dB— 76dB, 
with a mute function attenuating 104dB. Its logarithmic at-; 
tenuation curve can be customized through software to fit: 
the desired application. 


The performance of a yPot™ is demonstrated iron its ex-. 
cellent Signal-to-Noise Ratio, extremely low (THD+N), and: 
high channel separation. Each pPot contains a mute function 
that disconnects the input signal from the output, providing a 
minimum attenuation of 96dB. Transitions between any at- 
tenuation settings are pop free. 


The LM1973’s 3-wire serial digital interface is TTL and 


CMOS compatible; receiving data that selects a channel and 
the desired attenuation level. The Data-Out pin of the 


LM1973 allows multiple uPots to be daisy-chained together, 


reducing the number of enable and data lines to be routed: 
for a given application. 


Typical Application. 


AUDIO 
IN# | 


AUDIO 
IN#2 


LM1973 


AUDIO 
IN#3 





DS011958-1 


FIGURE 1. Typical Audio Attenuator 
Application Circuit 
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Key Specifications 


= Total Harmonic Distortion + Noise: 
m™ Frequency response: 

m™ Attenuation range (excluding mute): 
= Differential attenuation: 

m Signal-to-noise ratio (ref. 4 Vrms): 
m@ Channel separation: 


0.003% (max) 

100 kHz (-3dB) (min) 
76qB (typ) 
+0,25dB (max) 
~ 110dB (min) 
110dB (typ) 


Features 

m 3-wire serial interface 

m Daisy-chain capability 

™ 104dB mute attenuation 

m™ Pop and click free attenuation changes 


Applications | 
™ Automated studio mixing consoles _ 
= Music reproduction systems 

= Sound reinforcement systems 

m= Electronic music (MIDI) ae 

™ Personal computer audio control 


Connection Diagram 


Dual-iIn-Line Plastic or 
Surface Mount Package 


GND2—41@ -OUT2 
INQ 2 Vg 1 
GND AC—43_— IN3 
INt—4 4 GND3 
GND 145 OUT3 
OUTI—4 6 Vpp 2 
Vog2 47 GND AC 
LOGIC GND—4 8 Vpp 1 
CLOCK 49 DATA-OUT 
LOAD/SHIFT —4 10 DATA-IN 





DS011958-2 


Top View 
Order Number LM1973M or LM1973N 
See NS Package Number M20B or N20A 
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National Semiconductor 


LM3914 | 
Dot/Bar Display Driver 


General Description 


The LM3914 is a monolithic integrated circuit that senses 
analog voltage levels and drives 10 LEDs, providing a linear 
analog display. A single pin changes the display from a mov- 
ing dot to a bar graph. Current drive to the LEDs is regulated 
and programmable, eliminating the need for resistors. This 
feature is one that allows operation of the whole system from 
less than 3V. 


The circuit contains its own adjustable reference and accu- 
rate 10-step voltage divider. The low-bias-current input 
buffer accepts signals down to ground, or V~, yet needs no 
protection against inputs of 35V above or below ground. The 
buffer drives 10 individual comparators referenced to the 
precision divider. Indication non-linearity can thus be held 
typically to ’2%, even over a wide temperature range. 


Versatility was designed into the LM3914 so that controller, 
visual alarm, and expanded scale functions are easily added 
on to the display system. The circuit can drive LEDs of many 
colors, or low-current incandescent lamps. Many LM3914s 
can be “chained” to form displays of 20 to over 100 seg- 
ments. Both ends of the voltage divider are externally avail- 
able so that 2 drivers can be made into a zero-center meter. 


The LM3914 is very easy to apply as an anaiog meter circuit. 
A 1.2V full-scale meter requires only 1 resistor and a single 
3V to 15V supply in addition to the 10 display LEDs. If the 1 
resistor is a pot, it becomes the LED brightness control. The 
simplified block diagram illustrates this extremely simple ex- 
ternal circuitry. 


When in the dot mode, there is a small amount of overlap or 
“fade” (about 1 mV) between segments. This assures that at 
no time will all LEDs be “OFF”, and thus any ambiguous dis- 
play is avoided. Various novel displays are possible. 
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Much of the display flexibility derives from the fact that all 
outputs are individual, DC regulated currents. Various effects 
can be achieved by modulating these currents. The indi- 
vidual outputs can drive a transistor as well as a LED at the 
same time, so controller functions including “staging” control 
can be performed. The LM3914 can also act as a program- 
mer, or Sequencer. 

The LM3914 is rated for operation from 0°C to +70°C. The 
LM3914N-1 is available in an 18-lead molded (N) package. 
The following typical application illustrates adjusting of the 
reference to a desired value, and proper grounding for accu- 
rate operation, and avoiding oscillations. 


Features 


m= Drives LEDs, LCDs or vacuum fluorescents 

m Bar or dot display mode externally selectable by user 
Expandable to displays of 100 steps 

Internal voltage reference from 1.2V to 12V 
Operates with single supply of less than 3V 

Inputs operate down to ground 

Output current programmable from 2 mA to 30 mA 
No multiplex switching or interaction between outputs 
Input withstands +35V without damage or false outputs 
LED driver outputs are current regulated, 
open-collectors 

Outputs can interface with TTL or CMOS logic 

The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 
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LM3914 


Typical Applications 


OV to 5V Bar Graph Meter 


















[7 | ) VLED 
i 
} /4 /4 id fa Med 
{ 
{ Lep 
) No.1 
4 16 15 14 13 12 
St. | 
LM3914 
22uF rN 
, REF REF 
J v’ Rio ~—s StG-~SséRTSsiéiTSsCA@DN.:~Ss«UMODE 
! a a 
vt 6.8V-18V 
| oe —_ cm ae em are uf 
0V-5V 
SIGNAL 
SOURCE 
DS007970-1 
Ref Out V = 1.25 ( " i) 
R 1 
fio ten Wee 
LED = R 4 


Note: Grounding method is typical of a// uses. The 2.2 uF tantalum or 10 pF aluminum electrolytic capacitor is needed if leads to the LED supply are 6" or 
longer. 
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National Semiconductor 


LM3915 
Dot/Bar Display Driver 


General Description 


The LM3915 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEDs, LCDs or vacuum 
fluorescent displays, providing a logarithmic 3 dB/step ana- 
log display. One pin changes the display from a bar graph to 
a moving dot display. LED current drive is regulated and pro- 
grammable, eliminating the need for current limiting resis- 
tors. The whole display system can operate from a single 
supply as low as 38V or as high as 25V. 


The IC contains an adjustable voltage reference and an ac- 
curate ten-step voltage divider. The high-impedance input 
buffer accepts signals down to ground and up to within 1.5V 
of the positive supply. Further, it needs no protection against 
inputs of +35V. The input buffer drives 10 individual com- 
parators referenced to the precision divider. Accuracy is typi- 
cally better than 1 dB. 


The LM3915’s 3 dB/step display is suited for signals with 
wide dynamic range, such as audio level, power, light inten- 
sity or vibration. Audio applications include average or peak 
level indicators, power meters and RF signal strength 
meters. Replacing conventional meters with an LED bar 
graph results in a faster responding, more rugged display 
with high visibility that retains the ease of interpretation of an 
analog display. 

The LM3915 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten LEDs. 
One more resistor programs the full-scale anywhere from 
1.2V to 12V independent of supply voltage. LED brightness 
is easily controlled with a single pot. 
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The LM3915 is very versatile. The outputs can drive LCDs, 
vacuum fluorescents and incandescent bulbs as well as 
LEDs of any color. Multiple devices can be cascaded for a 
dot or bar mode display with a range of 60 or 90 GB. 
LM3915s can also be cascaded with LM3914s for a linear/ 
log display or with LM3916s for an extended-range VU 
meter. 


Features 

= 3 dB/step, 30 dB range 

Drives LEDs, LCDs, or vacuum fluorescents 

m Bar or dot display mode externally selectable by user 
™ Expandable to displays of 90 dB 

m internal voltage reference from 1.2V to 12V 

rT] 

" 


Operates with single supply of 3V to 25V 
Inputs operate down to ground 
m= Output current programmable from 1 mA to 30 mA 
m Input withstands +35V without damage or false outputs 
m= Outputs are current regulated, open collectors 
m Directly drives TTL or CMOS 
m The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 
The LM3915 is rated for operation from 0°C to +70°C. The 
LM3915N-1 is available in an 18-lead molded DIP package. 
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LM3915 


Typical Applications 


OV to 10V Log Display 


O 3V <ViED <vyt 









LE “NO. 10 
NO. 
a 
TANTALUM ae 
OR 10 uF LM3915 
ALUMINUM 1 
ELECTROLYTIC . REF. REF 









SIG Rut OUT ADJ 





— 12V TO 20V 


SIGNAL 
7 SOURCE 


Notes: Capacitor C1 is auned if leads to the LED supply are 6 or longer. 


Circuit as shown is wired for dot mode. For bar mode, connect pin 9 to pin 3. ViEp must be kept below 7V or dropping resistor should be used to limit IC power 
dissipation. 


DS005104-1 


R2 , 
Vagr = 1.25V ( + oF J+ R2 x 80 WA 


= 12:5¥. VREF 
LED RI 2.2k0, 
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LM3916 
Dot/Bar Display Driver 


General Description 


The LM3916 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEDs, LCDs or vacuum 
fluorescent displays, providing an electronic version of the 
popular VU meter. One pin changes the display from a bar 
graph to a moving dot display. LED current drive is regulated 
and programmable, eliminating the need for current limiting 


resistors. The whole display system can operate from a 


single supply as low as 8V or as high as 25V. 


The IC contains an adjustable voltage reference and an ac- 
curate ten-step voltage divider. The high-impedance input 
buffer accepts signals down to ground and up to within 1.5V 
of the positive supply. Further, it needs no protection against 
inputs of +35V. The input buffer drives 10 individual com- 
parators referenced to the precision divider. Accuracy is typi- 
cally better than 0.2 dB. 


Audio applications include average or peak level indicators, 
and power meters. Replacing conventional meters with an 
LED bar graph results in a faster responding, more rugged 
display with high visibility that retains the ease of interpreta- 
tion of an analog display. 


The LM3916 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten LEDs. 
One more resistor programs the full-scale anywhere from 
1.2V to 12V independent of supply voltage. LED brightness 
is easily controlled with a single pot. 
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National Semiconductor 


The LM3916 is very versatile. The outputs can drive LCDs, 
vacuum fluorescents and incandescent bulbs as well as 
LEDs of any color. Multiple devices can be cascaded for a 
dot or bar mode display for increased range and/or resolu- 
tion. Useful in other applications are the linear LM3914 and 
the logarithmic LM3915. 


Features 

m Fast responding electronic VU meter 

m@ Drivers LEDs, LCDs, or vacuum fluorescents 

m= Bar or dot display mode externally selectable by user 

m@ Expandable to displays of 70 dB 

m Internal voltage reference from 1.2V to 12V 

m Operates with single supply of 3V to 25V 

m@ Inputs operate down to ground 

m= Output current programmable from 1 mA to 30 mA 

® Input withstands +35V without damage or false outputs 

= Outputs are current regulated, open collectors 

w Directly drives TTL or CMOS 

m The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 

The LM3916 is rated for operation from 0°C to +70°C. The 

LM3916N-1 is available in an 18-lead molded DIP package. 
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LM3916 


Typical Applications 


OV to 10V VU Meter 


—5 —3 —1 VU 









a O.3V <Viep <Vv* 
} Led NO. 10 
| No.1 
tn 
2.2 uF we a 
TANTALUM — 
OR 10 pF ATS 
ALUMINUM {> 









REF 
OUT 


REF 
ADJ 


ELECTROLYTIC 





MODE 





12V TO 20V 


SIGNAL 
SOURCE 


DS007971-1 
_ R2 oe 
12.5V VREF 


y= ss 
LED Rt 2.2ka 
Notes: Capacitor C1 is required if leads to the LED supply are 6" or longer. 


Circuit as shown is wired for dot mode. For bar mode, connect pin 9 to pin 3. Viep must be kept below 7V or dropping resistor should be used to limit IC power 
dissipation. 
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National Semiconductor 


OLSVIN] 


LM4610 
Dual DC Operated Tone/Volume/Balance Circuit with 
National 3-D Sound 


General Description Features 


The LM4610 is a DC controlled tone (bass/treble), volume & National 3-D Sound 

and balance circuit for stereo applications in car radio, TV ™ Wide supply voltage range, 9V to 16V 
and audio systems. It also features National’s 3D-Sound Cir- = Large volume control range, 75 dB typical 
cuitry which can be externally adjusted via a simple RC Net- sw Tone control, +15 dB typical 
| 
a 





work. An additional control input allows loudness compensa- 


: Channel separation, 75 dB typical 
tion to be simply effected. 


Low distortion, 0.06% typical for an input level of 0.3 


Four control inputs provide control of the bass, treble, bal- Vrms 
ance and volume functions through application of DC volt- High signal to noise, 80 dB typical for an input level of 
ages from a remote control system or, alternatively, from four 0.3 Vrms 


potentiometers which may be biased from a zener regulated 
supply provided on the circuit. 

Each tone response is defined by a single capacitor chosen 
to give the desired characteristic. 


m Few external components required 


Block and Connection Diagram 


Dual-In-Line Package 


INTERNAL SUPPLY DECOUPLE GND 


INTERNAL ZENER 
INPUT 1 VOLTAGE REGULATED INPUT 2 
SUPPLY VOLTAGE 


LEFT 3D RIGHT 3D 


TREBLE CAPACITOR 1 TREBLE CAPACITOR 2 


NC NC 


TREBLE CONTROL !NPUT ZENER VOLTAGE 


AC BYPASS 1 AC BYPASS 2 


BASS CAPACITOR 1 BASS CAPACITOR 2 
LOUDNESS COMPENSATION 


CONTROL INPUT BASS CONTROL INPUT 


VOLUME/ 
BALANCE 


OUTPUT 4 OUTPUT 2 


BALANCE CONTROL !NPUT VOLUME CONTROL INPUT 


GND Voc 





TOP VIEW 
DS101125-1 


Order Number LM4610N 
See NS Package Number N24A 
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LM565/LM565C 


National Semiconductor 


LM565/LM565C 
‘Phase Locked Loop 


General Description 


The LM565 and LM565C are general purpose phase locked 
loops containing a stable, highly linear voltage controlled os- 
cillator for low distortion FM demodulation, and a double bal- 
anced phase detector with good carrier suppression.. The 
VCO frequency is set with an external resistor and capacitor, 

~ and a tuning range of 10:1 can be obtained with the same 
Capacitor. The characteristics of the closed loop 
system—-bandwidth, response speed, capture and pull in 
range — may be adjusted over a wide range with an external 
resistor and capacitor. The loop may be broken between the 
VCO and the phase detector for insertion of a digital fre- 
quency divider to obtain frequency multiplication. 


The LM565H is specified for operation over the -55°C to 
+125°C military temperature range. The LM565CN is speci- 
fied for operation over the 0°C to +70°C temperature range. 


Features 

@ 200 ppm/C frequency stability of the VCO 

m Power supply range of +5 to +12 volts with 100 ppm/% 
typical 


Connection Diagrams 


Metal Can Package 





CO nest 
OMe 






ee 
“Tl 






VCO CONTROL 


ab I VOLTAGE 


VCO OUTPUT OUTPUT 


PHASE COMPARATOR 
VCO INPUT 


DS007853-2 


Order Number LM565H 
See NS Package Number H10C 
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@ 0.2% linearity of demodulated output 

m Linear triangle wave with in phase 2 zero crossings 
available 

m= TTL and DTL compatible phase detector input and 
square wave output 

m Adjustable hold in range from +1% to > +60% 


Applications 

Data and tape synchronization 
Modems 

FSK demodulation 

FM demodulation 

Frequency synthesizer 

Tone decoding 

Frequency multiplication and division 
SCA demodulators 

Telemetry receivers 

Signal regeneration 

Coherent demodulators 


Dual-in-Line Package 


-Vec NC 
INPUT NC 
INPUT NC 
VCO 
OUTPUT NC 
PHASE COMPARATOR ey 
VCO INPUT ce 
REFERENCE TIMING 
OUTPUT CAPACITOR 
VCO CONTROL TIMING 
VOLTAGE RESISTOR 





DS007853-3 


Order Number LM565CN 
See NS Package Number N14A 
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National Semiconductor 


LM567/LM567C 
Tone Decoder 


General Description 


The LM567 and LM567C are general purpose tone decoders 
designed to provide a saturated transistor switch to ground 
when an input signal is present within the passband. The cir- 
cuit consists of an | and Q detector driven by a voltage con- 
trolled oscillator which determines the center frequency of 
the decoder. External components are used to indepen- 
dently set center frequency, bandwidth and output delay. 


Features 


m@ 20 to 1 frequency range with an external resistor 

= Logic compatible output with 100 mA current sinking 
capability 

m Bandwidth adjustable from 0 to 14% 


Connection Diagrams 


Metal Can Package 





OUTPUT 
OUTPUT 
FILTER C7) sno 
LOOP TIMING 
FILTER CAPACITOR 
TIMING 
NED? RESISTOR 
yt 
, # DS006975-1 
Top View 


Order Number LM567H or LM567CH 
See NS Package Number HO8C 


m High rejection of out of band signals and noise 

= Immunity to false signals 

m Highly stable center frequency 

= Center frequency adjustable from 0.01 Hz to 500 kHz 


Applications 

m™ Touch tone decoding 

m Precision oscillator 

m Frequency monitoring and control 
m Wide band FSK demodulation 

m Ultrasonic controls 

m Carrier current remote controls 

= Communications paging decoders 
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Dual-In-Line and Small Outline Packages 


DETECTOR 


FILTER 


LOOP 


FILTER GND 
INPUT TIMING 
CAPACITOR 
TIMING 
RESISTOR 





DS006975-2 
Top View 
Order Number LM567CM 
See NS Package Number MO08A 
Order Number LM567CN 
See NS Package Number NO8E 
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LMC1982 


National Semiconductor. 


LMC1982 


Digitally-Controlled Stereo Tone and Volume Circuit with 
Two Selectable Stereo Inputs 


General Description 


The LMC1982 is a monolithic integrated circuit that provides 
volume, balance, tone (bass and treble), enhanced stereo, 
and loudness controls and selection between two pairs of 
stereo inputs. These functions are digitally controlled 
through a three-wire communication interface. There are two 
digital inputs for easy interface to other audio peripherals 
such as stereo decoders. The LMC1982 is designed for line 
level input signals (300 mV—2V) and has a maximum gain of 
—0.5 dB. Volume is set at minimum and tone controls are flat 
when supply voitage is first applied. 


Low noise and distortion result from using analog switches 
and poly-silicon resistor networks in the signal path. 


Additional tone contro! can be achieved using the LMC835 
stereo 7-band graphic equalizer connected to the 
LMC1982’s SELECT OUT/SELECT IN external processor 
loop. 


Features 
m Low noise and distortion 
m= Two pairs of stereo inputs 


Block and Connection Diagrams 


23 22 21 20 
» R SELECT OUT R SELECT IN R TONE IN R TONE OUT R 
e e 






1.9kQ 10.2k0 


30.4k0 Pod 


INPUT 







30.4 kn, 


Enhanced stereo function 

Loudness compensation 

40 position 2 dB/step volume attenuator plus mute 
Independent left and right volume controls _ 

Low noise-suitable for use with DNR® and Dolby® noise 
reduction 

External processor loop 

Signal handling suitable for compact discs > dk 
Pop-free switching ; 
Serially programmable: INTERMETAL bus (IM) interface 
6V to 12V single supply operation | | 
28 Pin DIP or PLCC package 


Applications 


= Stereo television 

m Music reproduction systems 

m™ Sound reinforcement systems 

m™ Electronic music (MIDI) 

m Personal computer audio control 


18 ‘17 
OP AMP OUT R LOUDNESS R ENHANCE ST. 
O O 


6.5k2 


1.9 kd 





L. INPUT 1 AND 28 
24 MODE DATA 
R. INPUT 2 SELECT ‘ 1 
vi/2 1.5kQ LoGic CLK 
L. INPUT 2 * AND 27 
Loudness CONTROL i 
1.5ka DIGITAL INPUT 1 
3 
ie. DIGITAL INPUT 2 
50ka 
+A 5h. 40K0 
| 
BYPASS 30.4kQ]} 139.2k9 30.4k0 : 0 13 
50ka = 150k0 O LEFT 
1.9kQ 10.2kQ 1.9ko A 
of tren Stereo 
C) C} e 
6 7 8 9 10 11 12 
L SELECT OUT L SELECT IN L TONE IN L TONE OUT L OP AMP OUT L LOUDNESS L ENHANCE ST. 
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National Semiconductor 


LMC1983 


C8601 


Digitally-Controlled Stereo Tone and Volume Circuit with 
Three Selectable Stereo Inputs 


General Description 


The LMC 1983 is a monolithic integrated circuit that provides 
volume, balance, tone (bass and treble), loudness controls 
and selection between three pairs of stereo inputs. These 
functions are digitally controlled through a three-wire com- 
munication interface. There are two digital inputs for easy in- 
terface to other audio peripherals such as stereo decoders. 
The LMC1983 is designed for line level input signals 
(300 mV-2V) and has a maximum gain of —0.5 dB. Volume 
is set at minimum and tone controls are flat when supply volt- 
age is first applied. 

Low noise and distortion result from using analog switches 
and poly-silicon resistor networks in the signal path. 


Additional tone control can be achieved using the LMC835 
stereo 7-band graphic equalizer connected to the 
LMC1983’s SELECT OUT/SELECT IN external processor 
loop. 


Features 


# Low noise and distortion 


Block Diagram 


20 
RTONEIN 


22 
RSELECTOUT RSELECTIN 






LINPUT 1 


RINPUT 2 


MODE 


LINPUT 2 SELECT 


RINPUT 3 
LINPUT 3 


1.9kOQ 10.2 


e 
10 . 
LTONEOUT LOPAMPOUT LLOUDNESS 


7 8 9 
LSELECTOUT LSELECTIN LTONEIN 


Three pairs of stereo inputs 

Loudness compensation 

40 position 2 dB/step volume attenuator plus mute 
Independent left and right volume controls 

Low noise-suitable for use with DNR® and Dolby® noise 
reduction 

External processor loop 

Signal handling suitable for compact discs 

Pop-free switching 

Serially programmable: INTERMETAL bus (IM) interface 
6V to 12V single supply operation 

28 Pin DIP or PLCC Package 





Applications 
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139.2k0 30.4ka rs 


= 


kQ 1.9kQ 
6 
14 


Stereo television 

Music reproduction systems 
Sound reinforcement systems 
Electronic music (MIDI) 
Personal computer audio control 


9 
RTONEOUT ROPAMPOUT RLOUDNESS 
O O 


CONTROL 


O 
DIGITAL 
INPUT 1 


DIGITAL 
INPUT 2 





DS011279-1 
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LMC567 


National Semiconductor 





LMC567 
Low Power Tone Decoder 


General Description ‘Features 


The LMC567 is a low power general purpose LMCMOS™ _ ® Functionally similar to LM567 
tone decoder which is functionally similar to the industry 2V to 9V supply voltage range 
standard LM567. It consists of a twice frequency Low supply current drain 
voltage-controlled oscillator (VCO) and quadrature dividers No increase in current with output activated 
which establish the reference signals for phase and ampli- Operates to 500 kHz input frequency 
tude detectors. The phase detector and VCO form a 4 

igh oscillator stability 
phase-locked loop (PLL) which locks to an input signal fre- aioe 
quency which is within the control range of the VCO. When Ground-referenced input 
the PLL is locked and the input signal amplitude exceeds an Hysteresis added to amplitude comparator 
internally pre-set threshold, a switch to ground is activated Out-of-band signals and noise rejected 
on the output pin. External components set up the oscillator 20 mA output current capability 
to run at twice the input frequency and determine the phase 
and amplitude filter time constants. 


Block Diagram (with External Components) 






OUTPUT OUTPUT 
FILTER 
LOOP GROUND 
FILTER 
| ct. TIMING 
CAPACITOR 
INPUT 
Rt 
TIMING 
RESISTOR 


DS008670-1 


Order Number LMC567CM or LMC567CN 
See NS Package Number MO8A or NO8E 
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National Semiconductor 


LMC568 


Low Power Phase-Locked Loop 


General Description 


The LMC568 is an amplitude-linear phase-locked loop con- 
sisting of a linear VCO, fully balanced phase detectors, and 
a carrier detect output. LMCMOS™ technology is employed 
for high performance with low power consumption. 


The VCO has a linearized control range of 30% to allow de- 
modulation of FM and FSK signals. Carrier detect is indi- 
cated when the PLL is locked to an input signal greater than 
26 mVrms. LMC568 applications include FM SCA and TV 
second audio program decoders, FSK data demodulators, 
and voice pagers. 


Features 

m™ Demodulates +15% deviation FM/FSK signals 
= Carrier Detect Output with hysteresis 

m Operation to 500 kHz input frequency 

m@ Low THD—0.5% typ. for +10% deviation 

m 2V to 9V supply voltage range 

m@ Low supply current drain 


Typical Application (100 kHz input frequency, refer to notes pg. 3) 


C1 
Vg 0.05 BE TT 
B>50 fi 7 
VouTo 
ae 0.001 uF ae 
0.01 uF aT 10kQ = 
ee ey C3 : 
DE EMPHASIS nour ) 
0.01 uF 
4 
V 
sch 





LMC568 


> CARRIER DETECT 





SET Fog¢ TO 2x INPUT FREQ. 


MEASURE WITH $10 pF PROBE 
DS009135-1 


89SOINT 





Order Number LMC568CM or LMC568CN 
See NS Package Number MO8A or NO8E 
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LF411 


~LF411 
Low Offset, Low Drift JFET Input Operational Amp 


General Description 


These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply cur- 
rent yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF411 is pin compatible with the standard LM741 allowing 
designers to immediately upgrade the overall performance of 
existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold cir- 
cuits and many other circuits requiring low input offset volt- 


- age and drift, low input bias current, high input impedance, 
high slew rate and wide bandwidth. 


Typical Connection 





-VEE 


DS005655-1 


Ordering Information 


LF411XYZ 
X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z_ indicates package type 
“H” or “N” 


www.national.com 


AY national Semiconductor 


Features e 
m Internally trimmed offset voltage: 0.5 mV(max) 
m Input offset voltage drift: 10 uV/°C(max) 
m Low input bias current: 50 pA 
m Low input noise current: 0.01 pA/VHz 
= Wide gain bandwidth: ~ 3 MHz(min) 
m High slew rate; ~ 10V/us(min) 
m Low supply current: ~1.8mA 
m High input impedance: 10170 
= Low total harmonic distortion: ~ $0.02% 
m™ Low 1/f noise corner: 50 Hz 
m= Fast settling time to 0.01%: 


Connection Diagrams 


Metal Can Package 


NC 


BALANCE aes 
ua Oo > Olan 
Ww BALANCE 
(4) . 

va 


DS005655-5 





NON-INVERTING 
INPUT 


Note: Pin 4 connected to case. 
Top View 
Order Number LF411ACH 
or LF411MH/883 (Note 11) 
See NS Package Number HO8A 


Dual-in-Line Package 


BALANCE 





DS005655-7 


Top View 
Order Number LF411ACN, LF411CN 
See NS Package Number NO8E 
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AV vationat Semiconductor 


LF412 


Low Offset, Low Drift Dual JFET Input Operational 


Amplifier 


General Description 


These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply cur- 
rent yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 


devices provide very low input bias and offset currents. The 


LF412 dual is pin compatible with the LM1558, allowing de- 
signers to immediately upgrade the overall performance of 
existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold cir- 
cuits and many other circuits requiring low input offset volt- 
age and drift, low input bias current, high input impedance, 
high slew rate and wide bandwidth. 


Typical Connection 


Re 





O) 
~VEE 


DS005656-41 


Ordering Information 
LF412XYZ 

indicates electrical grade 
indicates temperature range 
“M” for military 

“C” for commercial 

indicates package type 

“H” or “N” 


Features 

m Internally trimmed offset voltage: 1 mV (max) 
m Input offset voltage drift: 10 yV/°C (max) 
m Low input bias current: 50 pA 

m Low input noise current: 0.01 pA/VJHz 

m@ Wide gain bandwidth: 3 MHz (min) 

m™ High slew rate: 10V/us (min) 

m Low supply current: 1.8 mA/Amplifier 

@ High input impedance: 10'7Q 

= Low total harmonic distortion <0.02% 
m Low 1/f noise corner: 50 Hz 

m= Fast settling time to 0.01%: 2 us 


Connection Diagrams 
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Metal Can Package 








OUTPUT A 


INVERTING 
INPUT B 


OUTPUT B 
INVERTING 
INPUT A 


al 





NON-INVERTING 
INPUT B 


Note. Pin 4 connected to case. 
TOP VIEW 
DS005656-42 


Order Number LF412MH, LF412CH 


or LF412MH/883 (Note 1) 
See NS Package Number HO8A 


Dual-in-Line Package 


OUTPUTA 


INVERTING INPUT A OUTPUT B 


SO RITA INVERTING INPUT B 


NPUTA 


NON-INVERTING 


v" INPUT B 





TOP VIEW 


DS005656-44 


Order Number LF412ACN, LF412CN 
or LF412MJ/883 (Note 1) 
See NS Package Number JO8A or NO8E 
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LF412 


Simplified Schematic 


1/2 Dual 





INTERNALLY 
INTERNALLY > TRIMMED 


DS005656-43 


Note 1: Available per JM38510/11905 
Detailed Schematic 


Vcc O 





DS005656-32 
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LM6142 and LM6144 
17 MHz Rail-to-Rail Input-Output Operational Amplifiers 


-General Description Features 


Using patent pending new circuit topologies, the LM6142/44 At Vs = 5V. Typ unless noted. 
provides new levels of performance in applications where =m Rail-to-rail input CMVR —-0.25V to 5.25V 
low voltage supplies or power limitations previously made =m _Rail-to-rail output swing 0.005V to 4.995V 


compromise necessary. Operating on supplies of 1.8V to wide gain-bandwidth: 17 MHz at 50 kHz (typ) 
over 24V, the LM6142/44 is an excellent choice for battery. Slow: rio: | 


- operated systems, portable instrumentation and others. ~ Small signal, 5V/us 


_ The greater than rail-to-rail input voltage range eliminates Large signal, 30V/us 
concern over exceeding the common-mode voltage range. 
The rail-to-rail output swing provides the maximum possible 
dynamic range at the output. This is particularly important 


DVLOINT Pue crLOWT 





Low supply current 650 pA/Amplifier 
Wide supply range 1.8V to 24V 


when operating on low supply voltages. OMAR 107 dB 
High gain-bandwidth with 650 yA/Amplifier supply current ™ Gain 108 cB with R, = 10k 
oe SON Bats PSRR 87 dB 


opens new battery powered applications where previous 
higher power consumption reduced battery life to unaccept- z : 
able levels. The ability to drive large capacitive loads without Applications 

oscillating functionally removes this common problem. m Battery operated instrumentation 


m= Depth sounders/fish finders 

m™ Barcode scanners 

m Wireless communications 

# Rail-to-rail in-out instrumentation amps 


Connection Diagrams 


8-Pin CDIP | 8-Pin DIP/SO 


OUT B 


- IN B 





DS012057-1 


Top View 


+ IN B 
DS012057-14 


Top View 





14-Pin DIP/SO 


OUT D 
- IND 
+ IN D 
Vv 
+ INC 
- INC 
OUT C 





DS012057-2 


Top View 
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AY vationat Semiconductor 


LM833 
Dual Audio Operational Amplifier | 


General Description as Features 
The LM833 isa dual general purpose operational amplifier m Wide dynamic range:  440dB 
_ designed with particular emphasis on performance in audio So ieiie Ais oe 4 
syst m@ Low input noise o 
aaaea VAH 
This dual amplifier IC utilizes new circuit and processing vod . | . ook bie 
techniques to deliver low noise, high speed and wide band- ™ High slew rate: 7 Vius (typ); 5V/Us (min) | 
width without increasing external components or decreasing m High gain bandwidth: 15MHz (typ); 10MHz (min) 
Stability. The LM833 is internally compensated for all closed m Wide power bandwidth: | 420KHz 
loop gains and is therefore optimized for all preamp and high pel tn on ° 
level stages in PCM and HiFi systems. m Low distortion: 0.002% 
The LM833 is pin-for-pin compatible with industry standard ™ Low offset voltage: ~ 0.3mV 
dual operational amplifiers. m Large phase margin: 60° 
m Available in 8 pin i | 
M 


SOP package 


Schematic Diagram (1/2 Lms33) 


ee 


DS005218-1 


8 


+Vec 










— VEE 


Connection Diagram 


+Vec 
OUT B 
—INB 


+INB 


DS005218-2 


Order Number LM833M, LM833MX, LM833N, LM833MM or LM833MMX 
See NS Package Number 
MO8A, NO8E or MUAO8A 
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LM837 


National Semiconductor 


Low Noise Quad Operational Amplifier 


General Description 


The LM837 is a quad operational amplifier designed for low 
noise, high speed and wide bandwidth performance. It has a 
new type of output stage which can drive a 600Q load, mak- 
ing it ideal for almost all digital audio, graphic equalizer, 
preamplifiers, and professional audio applications. Its high 
performance characteristics also make it suitable for instru- 
mentation applications where low noise is the key consider- 
ation. 

The LM837 is internally compensated for unity gain opera- 
tion. It is pin compatible with most other standard quad op 
amps and can therefore be used to upgrade existing sys- 
tems with little or no change. 


Schematic and Connection Diagrams 
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Features 
m™ High slew rate 
m@ Wide gain bandwidth product 


(min) 


10 V/us (typ); 8 V/s (min) 
25 MHz (typ); 15 MHz 


m Power bandwidth 200 kHz (typ) 
@ High output current +40 mA 
m™ Excellent output drive performance >600Q 
= Low input noise voltage 4.5 nVNHz 
= Low total harmonic distortion 0.0015% 
m= Low offset voltage 0.3 mV 


Dual-In-Line Package 





DS009047-2 
Top View 
Order Number LM837M, 
LM837MX or LM837N 
See NS Package Number 
M14A or N14A 


DS009047-1 
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LM1894 


General Description 


The LM1894 is a stereo noise reduction circuit for use with 
audio playback systems. The DNR system _ is 
non-complementary, meaning it does not require encoded 
source material. The system is compatible with virtually all 
prerecorded tapes and FM broadcasts. Psychoacoustic 
masking, and an adaptive bandwidth scheme allow the DNR 
to achieve 10 dB of noise reduction. DNR can save circuit 
board space and cost because of the few additional compo- 
nents required. 


Features 


=m Non-complementary noise reduction, “single ended” 
m= Low cost external components, no critical matching 


Typical Application 





AY vational Semiconductor 


Dynamic Noise Reduction System DNR® 


= Compatible with all prerecorded tapes and FM 

= 10 dB effective tape noise reduction CCIR/ARM 
weighted . 

m Wide supply range, 4.5V to 18V 

= 1 Vrms input overload 


Applications 

m™ Automotive radio/tape players 

= Compact portable tape players 

m™ Quality HI-FI tape systems 

m VCR playback noise reduction 

m Video disc playback noise reduction 


C11 
1 uF 






cg 
0.047 uF 
C13 C12 L8 Cy, 
ve earl 4.7 mH 0.015 uF 
= = 
rue ‘ae 
+ 1 uF 
LEFT c14 14 13 12 ee 9 8 
., 100 uF 
INPUT 
) . = TO VOLUME 
: SccAMe OREM LM1894 CONTROL AND 
: POWER AMPLIFIERS 
RIGHT | 
RIGHT 
INPUT ; 3 3 7 ; : 
v*O C5 OUTPUT 
C1 0.1 BF Cj 
0.1 uF 
c2 | *R1 C6 
1 uF oan. 0.001 uF - 
+ 
C3 a 
0.0033 uF R2 


*R1 + R2 = 1 kQ total. 
See Application Hints. 





DS007918-1 


Order Number LM1894M or LM1894N 
See NS Package Number M14A or N14A 


FIGURE 1. Component Hook-Up for Stereo DNR System 
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Audio Codecs 
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LM4540 


AY vational Semiconductor 


LM4540 - 
AC ’97 Codec with National 


General Description 


The LM4540 is an audio codec for PC systems which per- 
forms the analog-intensive function of the Analog Codec ’97 
Rev 1.03 architecture. Using 18-Bit ZA A/D and D/A convert- 
ers, the LM4540 provides 90dB of dynamic range. 


The LM4540 was designed specifically to provide a high 
quality audio path and provide all analog functionality in a PC 
audio system. It features full duplex stereo A/D’s and D/A’s 
and an analog mixer with 2 stereo and 3 mono inputs, each 
of which has separate gain, attenuation and mute control. In 
addition, the LM4540 provides National’s 3D Sound stereo 
enhancement technology. 


The LM4540 features AC-Link, a synchronous, fixed rate se- 
rial bus for connection to the digital AC ’97 Controller. The 
separation of the analog and digital functions of the AC ’97 
architecture allows for system design flexibility and in- 


| creased overall performance. 


Block Diagram 


$I ay 
CO OdB / 20dB 
O) 


MIC1_IN 
MIC2_IN 
LINE_IN 

CD_IN 
PHONE_IN 
PC_BEEP_IN 


MONO 
OUT 


LINE 
OUT 


3D Sound 


Key Specifications 


m Analog Mixer Dynamic Range 95qB (typ) 
m D/A Dynamic Range 89aB (typ) 
m A/D Dynamic Range 90dB (typ) 


Features 

m Audio Codec ’97 compliant 

m™ Stereo 18-Bit ZA A/D’s and D/A’s with 128X 
oversampling 

m= National’s 3D Sound circuitry 

m Power management support 

m Digital Interface 3V and 5V compliant 


Applications 


m PC Audio Systems Requiring Only 2 Stereo Inputs (CD, 
Line) and 3 Mono Inputs (Mic, Phone, PC Beep) 


POWER SUPPLY 
& REFERENCES 


AC'97 


SDATA_OUT 
REGISTERS 


RESET# 


uu 
O 
x 
LL 
c 
Lu 
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: 


3D BYPASS 


mews §=STEREO SIGNAL PATH 
——— MONO SIGNAL PATH 
GAM GAIN / ATTENUATION / MUTE 


FIGURE 1. LM4540 Block Diagram 
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AY national Semiconductor 


LM4543 
AC ’97 Codec with National 3D Sound 


Key Specifications 


@ Analog Mixer Dynamic Range 


General Description 


The LM4543 is an audio codec for PC systems which per- 
forms the analog-intensive function of the Analog Codec ’97 
Rev 1.03 architecture. Using 18-Bit ZA A/D and D/Aconvert- = D/A Dynamic Range 
ers, the LM4543 provides 90dB of dynamic range. m A/D Dynamic Range 


The LM4543 was designed specifically to provide a high 
quality audio path and provide all analog functionality ina PC Features 
audio system. It features full duplex stereo A/D’s and D/A’s sm Audio Codec ’97 compliant 


and an analog mixer with 4 stereo and 3 mono inputs, each sg: Stereo 18-Bit EA A/D’s and D/A’s with 128X 


of which has separate gain, attenuation and mute control. In 

addition, the LM4543 provides National’s 3D Sound stereo 

enhancement technology. 

The LM4543 features AC-Link, a synchronous, fixed rate se- 

rial bus for connection to the digital AC ’97 Controller. The 

separation of the analog and digital functions of the AC ’97 2 R 

architecture allows for system design flexibility and in- Applications 

creased overall performance. m= Desktop PC Audio Systems 
m Portable PC Audio Systems 
@ Mobile PC Audio Solutions 


oversampling 
= National’s 3D Sound circuitry 
m Power management support 


Block Diagram 


LINE_IN 

- a a 

CD_IN ee a 
wIDEOSN ee a 

ON ee oe ee ee 

AUX_IN 
PHONE_IN 
PC_BEEP_IN 


AC '97 
REGISTERS 
MONO 
OUT 


LINE 
ae wet VY 
3D BYPASS 


=== STEREO SIGNAL PATH 
——— MONO SIGNAL PATH 
GAM GAIN / ATTENUATION / MUTE 


FIGURE 1. LM4543 Block Diagram 
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= Digital Interface 3V and 5V compliant 


AC LINK INTERFACE 





95cB (typ) 
89dB (typ) 
90dB (typ) 


XTL_IN 
XTL_OUT 


SDATA_IN 
BIT_CLK 
SYNC 
SDATA_OUT 
RESET# 


DS100907-1 
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LM4545 


AY national Semiconductor 


PRELIMINARY 


AC ’97 Codec with Stereo Headphone Amplifier and 


National 3D Sound 


General Description 


_ The LM4545 is an audio codec for PC systems which per- 
forms the analog-intensive function of the Analog Codec ’97 
Rev 1.03 Architecture. Using 18-Bit ZA A/D and D/A convert- 
ers, the LM4545 provides 90dB of dynamic range. | 


The LM4545 was designed specifically to provide a high 

- quality audio path and provide all analog functionality ina PC 
audio system. It features full duplex stereo A/D’s and D/A’s 
and an analog mixer with 4 stereo and 3 mono inputs, each 
of which has separate gain, attenuation and mute control. In 
addition, the LM4545 provides a stereo headphone amplifier 
with an independent gain control and National’s 3D Sound 
stereo enhancement technology. 


The LM4545 features AC-Link, a synchronous, fixed rate se- 
rial bus for connection to the digital AC ’97 Controller. The 
separation of the analog and digital functions of the AC ’97 
architecture allows for system design flexibility and_ in- 
creased overall performance. 


Block Diagram 


MIC1_IN 
MIC2_IN 


LINE_IN 
CD_IN 
VIDEO_IN 
AUX_IN 


PHONE_IN 
PC_BEEP_IN 
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O 
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Key Specifications 


m@ Analog Mixer Dynamic Range 95dB (typ) 
m D/A Dynamic Range 89dB (typ) 
m A/D Dynamic Range 90dB (typ) 


m@ Headphone THD+N at 50mW into 32Q 0.02% (typ) 


Features 

m Audio Codec ’97 compliant 

m Stereo 18-Bit XA A/D’s and D/A’s with 128X 
oversampling 

m™ Stereo headphone amp with separate gain control 

= National’s 3D Sound circuitry | 

m Power management support 

m Digital Interface 3V and 5V compliant 


Applications 
m™ Desktop PC Audio Systems 
m™ Portable PC Audio Systems 
B Mobile PC Audio Solutions 


XTL_IN 
XTL_OUT 
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FIGURE 1. LM4 
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545 Block Diagram 
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National Semiconduct 


LM4546 


SPSTINT 


Or 


AC ’97 Rev 2 Codec with Sample Rate Conversion and 


National 3D Sound 


General Description 


The LM4546 is an audio codec for PC systems which is fully 
PC98 compliant and performs the analog intensive functions 
of the AC97 Rev 2 architecture. Using 18-bit Sigma-Delta 
A/D’s and D/A’s, the LM4546 provides 90dB of Dynamic 
Range. 


The LM4546 was designed specifically to provide a high 
quality audio path and provide all analog functionality ina PC 
audio system. It features full duplex stereo A/D’s and D/A’s 
and an analog mixer with 2 stereo and 3 mono inputs, each 
of which has separate gain, attenuation and mute control. 
The LM4546 also provides National’s 3D Sound stereo en- 
hancement. 


The LM4546 supports variable sample rate conversion as 
defined in the AC97 Rev2 specification. The sample rate for 
the A/D and D/A can be programmed separately to convert 
any rate between 4kHz - 48kHz with a resolution of 1Hz. The 
AC97 architecture separates the analog and digital functions 
of the PC audio system allowing both for system design flex- 
ibility and increased performance. 


Block Diagram 
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Key Specifications 


m@ Analog Mixer Dynamic Range 97dB (typ) 
m D/A Dynamic Range 89cB (typ) 
m A/D Dynamic Range 90dB (typ) 
Features 
m AC’97 Rev 2 compliant 


National’s 3D Sound circuitry 

High quality Sample Rate Conversion (SRC) from 4kHz 
to 48kHz in 1Hz increments 

Multiple Codec support 

Advanced power management support 

Digital 8V and 5V compliant 


Applications 

m Desktop PC Audio Systems 
m Portable PC Systems 

= Mobile PC Systems 
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BIT_CLK 
SYNC 
SDATA_OUT 
RESET# 


AC '97 


REGISTERS 
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FIGURE 1. LM4546 Block Diagram 
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LM4548 


National Semiconductor 


AC ’97 Rev 2 Codec with Sample Rate Conversion and 


National 3D Sound 


General Description 


The LM4548 is an audio codec for PC systems which is fully 
PC98 compliant and performs the analog intensive functions 
of the AC97 Rev2 architecture. Using 18-bit Sigma-Delta 
A/D’s and D/A’s, the LM4548 provides 90dB of Dynamic 
Range. 


The LM4548 was designed specifically to provide a high 
quality audio path and provide all analog functionality ina PC 
audio system. It features full duplex stereo A/D’s and D/A’s 
and an analog mixer with 4 stereo and 3 mono inputs, each 
of which has separate gain, attenuation and mute control. 
The LM4548 also provides the additional True Line-Level 
output and National’s 3D Sound stereo enhancement. 


The LM4548 supports variable sample rate conversion as 
defined in the AC97 Rev2 specification. The sample rate for 
the A/D and D/A can be programmed separately to convert 
any rate between 4kHz - 48kHz with a resolution of 1Hz. The 
AC97 architecture separates the analog and digital functions 
of the PC audio system allowing both for system design flex- 
ibility and increased performance. | 


Block Diagram 
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Key Specifications 


m Analog Mixer Dynamic Range 97dB (typ) 
m D/A Dynamic Range 89dB (typ) 
m A/D Dynamic Range 90dB (typ) 


Features 

m AC’97 Rev2 compliant 

@ National’s 3D Sound circuitry 

® High quality Sample Rate Conversion (SRC) from 4kHz 
to 48kHz in 1Hz increments. 

= Multiple Codec Support 

m™ True Line Level Output with volume control in addition to 
standard Line Out 

m Advanced power management support 

m Digital 3V and 5V compliant 


Applications 

m Desktop PC Audio Systems 
m™ Portable PC Systems 

= Mobile PC Systems 
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FIGURE 1. LM4548 Block Diagram 
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National Semiconductor 


LM4549 
AC ’97 Rev 2.1 Codec with Sample Rate Conversion and 
National 3D Sound 


General Description Key Specifications 
The LM4549 is an audio codec for PC systems which is fully 


m Analog Mixer Dynamic Range 97dB (t 
PC98 compliant and performs the analog intensive functions ee y g (typ) 
of the AC97 Rev2.1 architecture. Using 18-bit Sigma-Delta ™ D/A Dynamic Range 89dB (typ) 
A/D’s and D/A’s, the LM4549 provides 90dB of Dynamic m A/D Dynamic Range 90dB (typ) 


Range. 


The LM4549 was designed specifically to provide a high 

quality audio path and provide all analog functionalityinaPC Features 

audio system. It features full duplex stereo A/D’s and D/A’s = AC’97 Rev 2.1 compliant 
and an analog mixer with 4 stereo and 3 mono inputs, each ; : 5 ee 

of which has separate gain, attenuation and mute control. ™ National's 3D Sound circuitry 

The codec features a second Line Output known as True ™ High quality Sample Rate Conversion (SRC) from 4kHz 
Line Level Out that is identical to Line Out but with indepen- to 48kHz in 1Hz increments. 

dent volume control. The LM4549 also features National's ™@ Multiple Codec Support 

3D Sound stereo enhancement and variable sample rate m™ External Amplifier Power Down (EAPD) control from 


conversion. The sample rate for the A/D and D/A can be pro- codec 
grammed separately with a resolution of 1Hz to convert any m PC-Beep passthrough to Line Out while reset is held 
rate between 4kHz-48kHz. active low 
The AC97 architecture separates the analog and digital func- ™ True Line Level Output with volume control independent 
tions of the PC audio system allowing both for system design of Line Out 
flexibility and increased performance. m Digital 3V and 5V compliant 

Applications 


™ Desktop PC Audio Systems on PCI cards, AMR cards, 
or with motherboard chips sets featuring AC-Link 

m Portable PC Systems as on MDC cards, or with a 
chipset or accelerator featuring AC-Link 


Block Diagram 
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FIGURE 1. LM4549 Block Diagram 
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LMV331 Single / LMV393 Dual / LMV339 Quad General Purpose, Low Voltage, TinyPak 

COMPalatolrs:é 4.44-c.3ea ane Berane gel eRe RANA ade AEST O iS ee ks 5-57 
LMV7219 7 nsec, 2.7V to 5V Comparator with Rail-to-Rail Output .................... 5-60 
LP339 Ultra-Low Power Quad Comparator ......... 0.0 eee eens 5-65 
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Voltage Comparators Selection Guide 


Note 1: OC = Open Collector, PP = Push-Pull 
Note 2: Specifications are at Ta = 25°C & Vg = +5V. 
Note 3: Package Code Key (Letter = Package Type, Number = # of Pins) 
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Note 4: Temperature Ranges: 
C=0to 70°C 

| = —40 to 85°C 

M = —55 to 125°C 
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National Semiconductor 


Voltage Comparator 
Definition Of Terms 


Input Current (I, or |,,): The average of the two input cur- 
rents. 


Input Offset Current (Ios): The difference of currents be- 
tween the two input terminals. 


Input Offset Voltage (Vo;): The DC error voltage which ex- 
ists between the input terminals due to non-ideal balancing 
of the input stage. 


Input Voltage Range (Voy): Typically the range of voltages 
on the input terminals for which the comparator’s perfor- 
mance is specified. 


Logic threshold Voltage (V-): The voltage that exceeds the 
input offset voltage causing the output to change state. 


Offset Voltage Temperature Coefficient (TCV <,): The av- 
erage rate of change in offset voltage for junction tempera- 
ture variation over a specified temperature range. 


Offset Current Temperature Coefficient (TCl>.<): The av- 
erage rate of change in offset current for junction tempera- 
ture variation over a specified temperature range. 


Output High Voltage (Vo): The high DC output voltage 
with output driven high with specified output current. 


Output Low Voltage (Vo,): The low DC output voltage with 
the output driven low with specified sinking current. 


Output Leakage Current (lLeaxace): The current into the 
output terminal with the output driven high. Applies to open 
collector or open drain outputs. 


Output Resistance (Ro): The apparent output resistance of 
a comparator, typically illustrated with an ideal comparator 
with zero output resistance in series with an output resistor, 
Rout, measured under DC conditions. 

Output Sink Current (I,¢_): The maximum negative current 
that can be sunk by the comparator. 

Output Source Current (Isc): The maximum positive cur- 


rent that can be sourced by the comparator with push/pull 
output state. 
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Power Consumption: The power required to operate the 
comparator with no output load. 


Response Time (t,): The interval between the application of 
an input step function and the time when the output crosses 
the logic threshold voltage. _ 


Saturation Voltage (Vsary): The low DC voltage of an open 
collector output with the output driven low the with specified 
sinking current. 


Strobe Current: The current out of the strobe terminal when 
it is a zero logic level. 


Strobe Output Level: The comparator DC output voltage, 
independent of input conditions, when the strobe is active. 


Strobe “ON” Voltage: The maximum voltage on the strobe 
terminal required forcing the output to the specified high 
state independent of the input voltage. 

Strobe “OFF” Voltage: The minimum voltage on the strobe 
terminal that will guarantee that it does not interfere with the 
operation of the comparator. 


Strobe Release Time: The time required for the output to 
rise to the logic threshold voltage after the strobe terminal 
has been driven from zero to a logic one level and the input 
is at a level that would drive the output low. 

Supply current (I,). The current required from the positive 
or negative supply to operate the comparator with no output 
load. 

Voltage Gain (Ay): The ratio of the change in output voltage 
to the change in voltage between the input terminals produc- 
ing it. 

Voltage Overdrive: The input step voltage that goes beyond 
the minimum drive required to change the output state from 
one logic level to the opposite logic level. 


NOTE: All parameters are under specific conditions. 
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LM111/LM211/LM311 


AY vationat Semiconductor 


LM111/LM211/LM311 
Voltage Comparator 


1.0 General Description — 


The LM111, LM211 and LM311 are voltage comparators that 
have input currents nearly a thousand times lower than de- 
vices like the LM106 or LM710. They are also designed to 
operate over a wider range of supply voltages: from standard 

_ +15V op amp supplies down to the single 5V supply used for 
IC logic. Their output is compatible with RTL, DTL and TTL 
as well as MOS circuits. Further, they can drive lamps or re- 
lays, switching voltages up to 50V at currents as high as 50 
mA. 


Both the inputs and the outputs of the LM111, LM211 or the 
LM311 can be isolated from system ground, and the output 
can drive loads referred to ground, the positive supply or the 
negative supply. Offset balancing and strobe capability are 
provided and outputs can be wire OR’ed. Although slower 
than the LM106 and LM710 (200 ns response time vs 40 ns) 


3.0 Typical Applications (note 3) 


Offset Balancing 


R2 
3.0k 





DS005704-36 


Increasing Input Stage Current (Note 1) 





DS005704-38 


Note 1: Increases typical common mode slew from 7.0V/us to 18V/us. 
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the devices are also much less prone to spurious oscilla- 
tions. The LM111 has the same pin configuration as the 
LM106 and LM710. 

The LM211 is identical to the LM111, except that its perfor- 
mance is specified over a -25°C to +85°C temperature range 
instead of —-55°C to +125°C. The LM311 has a temperature 
range of 0°C to +70°C. 


2.0 Features 

= Operates from single 5V supply 

m@ Input current: 150 nA max. over temperature 
= Offset current: 20 nA max. over temperature 
m Differential input voltage range: +30V 

m Power consumption: 135 mW at £15V 


Strobing 





DS005704-37 


Note: Do Not Ground Strobe Pin. Output is turned off when current is 
pulled from Strobe Pin. 


Detector for Magnetic Transducer 


v* = 5.0V 


2.0k 


TTL 
OUTPUT 





MAGNETIC 
PICKUP 


DS005704-39 


3.0 Typical Applications (Note 3) (Continued) 


Digital Transmission lsolator Relay Driver with Strobe 


vt =5.0V [ore 
——O) 


R6 
1.0k 


TTL 
OUTPUT 






INPUTS 


p1* 





DS005704-40 
STROBE 


DS005704-41 


“Absorbs inductive kickback of relay and protects IC from severe voltage 
transients on V** line. 


Note: Do Not Ground Strobe Pin. 
Strobing off Both Input and Output Stages (Note 2) 


FROM D/A NETWORK 


ANALOG 
INPUT 


TTt 
STROBE 





DS005704-42 
Note: Do Not Ground Strobe Pin. 

Note 2: Typical input current is 50 pA with inputs strobed off. 

Note 3: Pin connections shown on schematic diagram and typical applications are for HO8 metal can package. 


Positive Peak Detector Zero Crossing Detector Driving MOS Logic 
+15V 








R2 


INPUT 3.0k 


v* = 5.0V 





INPUT 
TO MOS LOGIC 
OUTPUT 
R3 
10k 
V~ = -10V 
DS005704-24 
DS005704-23 


*Solid tantalum 
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LLEINV/ELCINT/L ELINA 


LM111/LM211/LM311 


4.0 Absolute Maximum Ratings for Operating Temperature Range Psi gay. & 

the LM111/LM211 (Note 10) LM111 55°C to 125°C 

If Military/Aerospace specified devices are required, pveu - a seo ate sad 

please contact the National Semiconductor Sales Office/ Lead Temperature oolee! ing, 10 sec) 260°C 

Distributors for availability and specifications. Voltage at Strobe Pin | 7 VF-5V 

Total Supply Voltage (Vga) 36V sia ee : 

Output to Negative Supply Voltage (V7,) | 50V Soldering (10 ie ds) . 260°C 

Ground to Negative Supply Voltage (V,,) 30V eo, pe Dachase | 

Differential Input Voltage 8 . +30V g , 

Input Voltage (Note 4) | | +15V vapor nase: (e0 ae eons) | e132 
Infrared (15 seconds): 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering 
surface mount devices. 


ESD Rating (Note 11) 300V 


Output Short Circuit Duration | 10 sec 


Electrical Characteristics (note 6) 
for the LM111 and LM211 


Parameter Conditions | 








input Offset Voltage (Note 7) | Tas25'G, Rest0k «| SSSCiSSSCi «YS 8m 
input Offset Ourrent i 
Voltage Gain 200 +| iv 
Response Time (Note 6 mae SSSC~iSCSC‘“‘(C‘YL200~—~—~‘YTSC‘“C*~*‘dYCSC 
Saturation Voltage Vins-5 mV, loyt=50 mA 0.75 1.5 
Sirobe ON Current (Note 9) ‘(| Taaee—~~S~S~“—~“—*~sSC“*‘“‘“‘*‘*rSSC‘SC*dSC*O CY 
Output Leakage Current Vinzd MV, Voyr=35V 0.2 10 nA 
input Ofiset Voliage (Note7)—+4| AeSSOKS*YSSSCSC~sSC“‘SNS CL 4~—~ mW 
input Ofiset Current (Note7) ‘| ——SSSSSCSC~C~C~SCS~—sSSCSCSC~iCSCSSC~C~C~C~S~S 2 
input Bias Gurren ee ele ee 
Input Voltage Range Vt=15V, V~=-15V, Pin 7 -14.5 13.8,-14.7 13.0 V 
Saturation Voitage | VW'24.5V, V~=0 0.23 0.4 V 
Output Leakage Current | Vn mV, Vour=a5V__-| ~~ «dT | 
Positive Supply Gurent_——=«([Tx=2SCSC*wSCSC*“‘“‘CSC*’SCOC“*S’SCSC*C*‘“#«SC@O | 
Negative Supply Curren Ta256 SSSSC~«YC‘“‘(CSC*'LAA—~«dCS8O om 


Note 4: This rating applies for +15 supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the negative 
supply voltage or 30V below the positive supply, whichever is less. . 


Note 5: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 110°C. For operating at elevated temperatures, devices in the H0O8 
package must be derated based on a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line pack- 
age is 110°C/W, junction to ambient. - 


Note 6: These specifications apply for Vgs=+15V and Ground pin at ground, and -55°C<Ta<+125°C, unless otherwise stated. With the LM211, however, all tempera- 
ture specifications are limited to -25°C<T,<+85°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V sup- 
ply up to +15V supplies. . - 


Note 7: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and Rs. 


Note 8: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 


Note 9: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 to 5 mA. 


Note 10: Refer to RETS111X for the LM111H, LM111J and LM111J-8 military specifications. 
Note 11: Human body model, 1.5 kQ in series with 100 pF. 
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rf 
oa a = 
5.0 Absolute Maximum Ratings for Operating Temperature Range Oto 70°C | = 
the LM311 (Note 12) Storage Temperature Range -65°C to 150°C = 
If Military/Aerospace specified devices are required, ead lemperamre eolgenng: IG 'see) ee . = 
please contact the National Semiconductor Sales Office/ Voltage at Strobe an | V"-5V = 
Distributors for availability and specifications. Soldering Information = 
Total Supply Voltage (Vea) 36V evar ir ner eckade 42, (ees 
Soldering (10 seconds) 260°C —_ 
Output to Negative Supply Voltage (V7,) 40V ; =k 
Small Outline Package 
Ground to Negative Supply Voltage (V,,) 30V ; 
, Vapor Phase (60 seconds) 215°C 
Differential Input Voltage +30V , 
Input Voltage (Note 13) +15V Infrared (15 seconds) 220°C 
‘ : ’ | See AN-450 “Surface Mounting Methods and Their Effect 
Power Dissipation (Note 14) 500 mW on Product Reliability” for other methods of soldering 
ESD Rating (Note 19) 300V surface mount devices. 
Output Short Circuit Duration 10 sec 





Electrical Characteristics (note 15) 
for the LM311 


Input Offset Voltage (Note 16) Ta=25°C, Rg<50k Ne ee tl 
Input Offset Current(Note 16) PT=25°C = i si“‘im;SSCU CSCC nA 
Voliage Gain Vim 
3 fee 
ae 


Units 


[Wax 


Response Time (Note 17) Ta=25'C ns 


Saturation Voltage Vins—-10 mV, loy7=50 MA 
Ty=25'C 


Strobe ON Current (Note 18) T,=25°C 


Vinz10 mV, Voyt=35V 


mh 
T,a=25°C, IstROBE=3 mA 


0.2 50 nA 
V- = Pin 1 = -5V 


inpul Ofeot Valage (Note 76) | RsSOK——SSSCSC~iSC“‘CSYC#‘“#’#S(CSSONWO 
input Ofiset Current (Note 16) [| _———SSCSCS~SSCSCSC*CSCSCSCSCS~dSCO «Yn 
input Bias Curent 00 
input Votage Range a Ye 


Saturation Voltage V*24.5V, V-=0 0.23 0.4 V 
Vins-10 mV, loy7s8 MA 


Postive Supply Gurren Tax25°C Se 
Negative Supply Curren Tax25C eo eee eee 


Note 12: “Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits.” 

Note 13: This rating applies for +15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the nega- 
tive supply voltage or 30V below the positive supply, whichever is less. 

Note 14: The maximum junction temperature of the LM311 is 110°C. For operating at elevated temperature, devices in the HO8 package must be derated based on 
a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 


Note 15: These specifications apply for Vg=+15V and Pin 1 at ground, and 0°C < T, < +70°C, unless otherwise specified. The offset voltage, offset current and 
bias current specifications apply for any supply voltage from a single 5V supply up to +15V supplies. 






Output Leakage Current 





Note 16: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and Rs. 


Note 17: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 


Note 18: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 to 5 mA. 


Note 19: Human body model, 1.5 kQ in series with 100 pF. 
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LM119/LM219/LM319 


AY vational Semiconductor 


LM119/LM219/LM319 


High Speed Dual Comparator 


General Description 


The LM119 series are precision high speed dual compara- 
tors fabricated on a single monolithic chip. They are de- 
signed to operate over a wide range of supply voltages down 
to a single 5V logic supply and ground. Further, they have 
higher gain and lower input currents than devices like the 
LM710. The uncommitted collector of the output stage 
makes the LM119 compatible with RTL, DTL and TTL as well 
as capable of driving lamps and relays at currents up to 25 
mA. 

The LM319A offers improved precision over the standard 
LM319, with tighter tolerances on offset voltage, offset cur- 
rent, and voitage gain. 

Although designed primarily for applications requiring opera- 
tion from digital logic supplies, the LM119 series are fully 
specified for power supplies up to +15V. It features faster re- 
sponse than the LM111 at the expense of higher power dis- 


Connection Diagram 


Dual-In-Line Package 


9 +INPUT2 


8 GND2 





DS005705-4 


Top View 
Order Number LM119J, LM119J/883 (Note 1), 
LM219J, LM319J, LM319AM, 
LM319M, LM319AN or LM319N 
See NS Package Number J14A, M14A or N14A 


Note 1: Also available per SMD# 8601401 or JM38510/10306 
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sipation. However, the high speed, wide operating voltage 
range and low package count make the LM119 much more 
versatile than older devices like the LM711. 

The LM119 is specified from —55°C to +125°C, the LM219 is 
specified from —25°C to +85°C, and the LM319A and LM319 
are specified from 0°C to +70°C. 


Features 

= Two independent comparators 

= Operates from a single 5V supply 

m Typically 80 ns response time at +15V 

= Minimum fan-out of 2 each side 

m= Maximum input current of 1 pA over temperature 

™ Inputs and outputs can be isolated from system ground 
w High common mode slew rate 


Typical Applications (note 2) 


Relay Driver 


INPUTS 





DS005705-5 


Note 2: Pin numbers are for metal can package. 


Window Detector 





DS005705-6 


Vout = 5V for Vit < Vin S$ Vut 
Vout = 0 for Vin < Viror Vin 2 Vut 
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Absolute Maximum Ratings (note 9) 


Lead Temperature 


If Military/Aerospace specified devices are required, (Soldering, "0 2G) abv 
please contact the National Semiconductor Sales Office/ Pa ‘ 
Distributors for availability and specifications. Soldering (10 eeconds 260°C 
Total Supply Voltage 36V Small Outline Package 
Output to Negative Supply Voltage 36V Vapor Phase (60 seconds) 215°C 
Ground to Negative Supply Voltage 25V Infrared (15 seconds) . . 220°C 
Ground to Poste Supply Votage ie ee ee eee 
Differential Input Voltage +5V surface mount devices. 
Input Voltage (Note 3) +15V 
ESD rating (1.5 kQ in series with Operating Temperature Range 

eae cee Prag LM119 -55°C to 125°C 
Power Dissipation (Note 4) 500 mW LM219 25°C to 85°C 
Output Short Circuit Duration 10 sec 


Storage Temperature Range —65°C to 150°C 


Electrical Characteristics (note 5) 


Parameter 


Input Offset Voltage (Note 6) 
Input Offset Current (Note 6) 
Input Bias Current 

Voltage Gain 

Response Time (Note 7) 


Saturation Voltage 

Output Leakage Current 
Input Offset Voltage (Note 6) 
Input Offset Current (Note 6) 
Input Bias Current 


Input Voltage Range 


Saturation Voltage 


Output Leakage Current 


Differential Input Voltage 
Positive Supply Current 





Positive Supply Current T, = 25°C, Vg = £15V 


| Min | typ | Max | 

TacaseSSSCS™C~<‘wS*~“~*‘*RSC‘SOSC*dT=SC‘S SCA 
TasecSSSS™~<“—~sSSSCSC~‘“RSC‘S CSOSA 
PTasasciNoes) ST to ~S«d|STSSdYS Ci 
PT,= 25, Ve=stv | —Sid|~S S| SCS 

Vin <-5 MV, lout = 25 MA 

Vin 25 MV, Vout = 35V 
ResékSS™SC™C~sSC“‘C‘dLC*‘<dCTC 7d ov 
a OO 
PC SS—™OC*dS S000 

Vg = +15V -12 +13 +12 V 

Vt = 5V, V =0 1 3 V 

V+ >4.5V, V- =0 

Vin < -6 MV, Isink < 3.2 MA 

Ta 20°C 0.23 0.4 V 

Tas 0'C 0.6 V 

Vin 25 MV, Vout = 35V, | 1 10 uA 

Tr=GVeNv=0 | | 43 | (| mA 
PTa=25,Ve=atv | dT 8 | S| ma 
T.=25CVesetv | -+i| 3 | 45 | ma 


Negative Supply Current 


Note 3: For supply voltages less than +15V the absolute maximum input voltage is equal to the supply voltage. 


Note 4: The maximum junction temperature of the LM119 is 150°C, while that of the LM219 is 110°C. For operating at elevated temperatures, devices in the H10 
package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 19°C/W, junction to case. The thermal resistance of the J14 and N14 


packages is 100°C/W, junction to ambient. 


Note 5: These specifications apply for Vg = +15V, and the Ground pin at ground, and -55°C < Ta < +125°C, unless otherwise stated. With the LM219, however, all 
temperature specifications are limited to -25°C < Ty, < +85°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a 
single 5V supply up to +15V supplies. Do not operate the device with more than 16V from ground to Vs. 


Note 6: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, these 
parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 


Note 7: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 


Note 8: Output is pulled up to 15V through a 1.4 kQ resistor. 


Note 9: Refer to RETS119X for LM119H/883 and LM119J/883 specifications. 
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6LEWTVELCINT/6LLINA 


LM119/LM219/LM319 


Absolute Maximum n Ratings : Storage Temperature Range ~ : -65°C to 150°C 
Lead Temperature Z | 
LM319A/319 Nate?) (Soldering, 10 sec.) as “4 260°C 


If Military/Aerospace specified devices are required, 
‘please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Soldering Information 
Dual-In-Line Package 


Soldering (10 sec.) 260°C 
Total Supply Voltage | 36V Small Outline Package | 
Output to Negative Supply Voltage 36V Vapor Phase (60 sec.) 215°C 
Ground to Negative Supply Voltage : 25V Infrared (15 sec.) 220°C 
Ground to Positive Supply Voltage —-18V See AN-450 “Surface Mounting Methods and Their Effect 
Differential Input Voltage . ; . +5V on Product Reliability” for other methods of soldering 
Input Voltage (Note 10) -#15V surface mount devices. 
Power Dissipation (Note 11) 500 mW : i 
Output Short Circuit Duration 10 sec Operating Temp erature Range 
ESD rating (1.5 kQ in series with LM319A, LM319 0°C to 70°C 

100 pF) 800V | | | 


Electrical Characteristics (note 12) 


Parameter i Conditions LM319A LM319 Units 
| 


Input Offset Voltage (Note 13) Ta = 25°C, Rg < 5k 
Input Offset Current (Note 13) Ta = 25°C 


Input Bias Current Ta = 25°C 
Voltage Gain | T, = 25°C (Note 15) 


(3 |Z 


Response Time (Note 14) . Ta = 25°C, Vg = +15V 
Saturation Voltage Vin <-10 mV, lout = 25 MA 





Output Leakage Current Vin 2 10 MV, Voyr = 35V, 


V- = YGND = OV, T, = 25°C 


input Offset Vokage (Note 13) 
input Offset Curent (Nate 19) Seana 





Input Bias Current 
Input Voltage Range 


Saturation Voltage ve > 4. BV, Vv =0 


Vin <-10 mV, loin < 3.2 MA 





Differential Input Voltage 
pose Supply Current Ta = C, Vt = 5V, V- =0 


Positive Supply Gurrent a aa 
Positive Supply Curren T= 250, Ve=2V | | 8 [ws] | 8 | 18 | mA 
Negative Supply Curent | Ts=25C,Ve= atv | | 3 [5s || 3 | 5 | ma 


Note 10: For supply voltages less than +15 the absolute maximum input voltage is equal to the supply voltage. 


Note 11: The maximum junction temperature of the LM319A and LM319 is 85°C. For operating at elevated temperatures, devices in the H10 package must be de- 
rated based on a thermal resistance of 160°C/W, junction to ambient, or 19°C/W, junction to case. The thermal resistance of the N14 and J14 package is 100°C/W, 
junction to ambient. The thermal resistance of the M14 package is 115°C/W, junction to ambient. 


Note 12: These specifications apply for Vg = +15V, and 0°C < Ta, < 70°C, unless otherwise stated. The offset voltage, offset current and bias current specifications 
apply for any supply voltage from a single 5V supply up to +15V supplies. Do not operate the device with more than 16V from ground to Vs. 


Note 13: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, these 
parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 


Note 14: The response time specified is for a 100 mV input step with 5 mV overdrive. 
Note 15: Output is pulled up to 15V through a 1.4 kQ resistor. 
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National Semiconductor 


LM139/LM239/LM339/LM2901/LM3302 
Low Power Low Offset Voltage Quad Comparators 


General Description 


The LM139 series consists of four independent precision 
voltage comparators with an offset voltage specification as 
low as 2 mV max for all four comparators. These were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 


Application areas include limit comparators, simple analog to 
digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM139 series was 
designed to directly interface with TTL and CMOS. When op- 
erated from both plus and minus power supplies, they will di- 
rectly interface with MOS logic— where the low power drain 
of the LM339 is a distinct advantage over standard compara- 
tors. 


Advantages 


m™ High precision comparators 


Reduced Vog drift over temperature 
Eliminates need for dual supplies 

Allows sensing near GND 

Compatible with ail forms of logic 

Power drain suitable for battery operation 


Features 


Wide supply voltage range 

— LM139/139A Series 2to 36 Vpo or +1 to +18 Voc 
— LM2901: 2 to 36 Vic or +1 to £18 Voc 
— LM3302: 2 tO 28 Voc or +1 to +14 Vo. 
Very low supply current drain (0.8 mA) — independent 
of supply voltage 


Low input biasing current: 25 nA 
Low input offset current: +5 nA 
Offset voltage: +3 mV 


Input common-mode voltage range includes GND 
Differential input voltage range equal to the power 
supply voltage 

Low output saturation voltage: 250 mV at4mA 
Output voltage compatible with TTL, DTL, ECL, MOS 
and CMOS logic systems 


One-Shot Multivibrator with Input Lock Out 
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LMi 39/LM239/LM339/LM2901/LM3302 


Absolute Maximum Ratings (note 10) 


If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


LM139/LM239/LM339 
LM139A/LM239A/LM339A LM3302 
LM2901 
Supply Voltage, V* 86 Voce or £18 Voc 28 Voc or +14 Voc 
Differential Input Voltage (Note 8) 36 Voc 28 Voc 
Input Voltage —0.3 Voc to +36 Voc —0.3 Vic to +28 Voc 
Input Current (Vijq<—-0.3 Voc), 

(Note 3) 50 mA 50 mA 
Power Dissipation (Note 1) 

Molded DIP | 1050 mW 1050 mw 

Cavity DIP , 1190 mw . 

Small Outline Package 760 mW 
Output Short-Circuit to GND, 

(Note 2) Continuous | Continuous 
Storage Temperature Range -65°C to +150°C -65'C to +150°C 
Lead Temperature 

(Soldering, 10 seconds) 260°C 260°C 
Operating Temperature Range -—40°C to +85°C 

LM339/LM339A 0°C to +70°C 

LM239/LM239A © - —-25°C to +85°C 

LM2901 Oo -40°C to +85°C 

LM139/LM139A -55°C to +125°C 
Soldering Information 
Dual-In-Line Package 
Soldering (10 seconds) 260°C 260°C 
Small Outline Package 
Vapor Phase (60 seconds) 215°C 215°C 
Infrared (15 seconds) 220°C 220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 


ESD rating (1.5 kQ in series with 100 pF) ; 600V 600V 


Electrical Characteristics 


(V*¥=5 Voc, Ta = 25°C, unless otherwise stated) 


Parameter Conditions LM139A LM239A, LM339A LM139 Units 
Min Typ Max |} Min Typ Max] Min Typ Max | 
Input Offset Voltage 1.0 2.0 1.0 2.0 2.0 5.0 | MVo¢ 


Input Bias Current lin¢sy OF tiny) With Output in 25 100 25 250 25 100 | nApeo 
input Offset Current npc 
Input Common-Mode V*=30 Vic (LM3302, 0 Vt—-1.5 0 V*-1.5] 0 V*¥-1.5 | Voc 

Supply Current R, =ce on all Comparators, 0.8 2.0 0.8 2.0 08 2.0 | MApc 
R, =, V*=36V, MApc 
(LM3302, V*=28 Vpc) 


Voltage Gain R, 215 kQ, V*¥=15 Voce 50 200 50 200 — 50 200 VimV 
Large Signal Vin=!TTL Logic Swing, Varr= 300 300 300 ns 
Response Time 1.4 Voc, Var=5 Voc; 
R, =5.1 kQ 
Response Time Var=5 Voc, R_=5.1 kQ, 1.3 1.3 1.3 Us 
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Electrical Characteristics (Continued) 


(Vt=5 Voc, Ta = 25°C, unless otherwise stated) 
Parameter 


LM139A LM239A, LM339A LM139 Units 
Min Typ Max | Min Typ Max] Min Typ Max 


Saturation Voltage Viny=1 Voc: Vina) =9; 250 400 250 400 MVoc 
loinkS4 mA 
. 


6.0 16 
250 400 
Output Leakage Ving) =1 VoosViny-)=9, 0.1 nNApvc 
Current Vo=5 Voc 


Electrical Characteristics 


(Vt=5 Voc, Ta = 25°C, unless otherwise stated) 


Parameter LM239, LM339 LM2901 LM3302 Units 
Typ Max} Min Typ Max | Min Typ Max 
input Offset Voltage | (Note 9) rT 20 sol] 20 70 3 20 | mVoo 


Min 
2 
Input Bias Current lincs) OF tiny) With Output in 2 25 500 | nApco 
Linear Range, (Note 5), Vow=0V (=, = 
5 
0 


0 50 0 7.0 
5 250 25 250 
Input Offset Current finely» Vom=0V 3 100 | MAoc 
Vt-1. Vit. 
8 2.0 08 2.0 


Output Sink Current Viney=1 Vos Vina=9, 


COSEINT/LOGCIN T/6EEW T/6ECIN V/6ELW 





Input Common-Mode V*=30 Voc (LM3302, -1.5] 0 -1.5] 0 V*-1.5 | Voc 
Voltage Range V*=28 Vp -) (Note 6) 
Supply Current R, =e on all Comparators, MApc 









R, =, V*=36V, 
(LM3302, V*=28 Voc) 


Voltage Gain R, 215 kQ, Vt=15 Voc 5 200 25 100 2 30 V/mV 
Vo= 1 Voc to 11 Voc 


10 25 10 25 MApc 





i) 






Large Signal Vin=ITL Logic Swing, Vacr= 300 300 300 ns 
Response Time 1.4 Voc, Var=5 Voc: 

R, =5.1 kQ, 

Response Time Var=5 Voc, RL=5.1 kQ, 1.3 1.3 1.3 Us 

Output Sink Current Vin-y=1 Voc Ving) =9; 6.0 16 6.0 16 6.0 16 MApc 
VoS1.5 Voc 

Saturation Voltage Vinsy=1 Voe: Ving) =9, 250 400 250 400 250 500 | MVoc 
loinks4 MA 


Output Leakage Vingy=1 Voo:Vin-)=0, 0.1 0.1 NApc 
Current Vo=5 Voc | 


Electrical Characteristics 
(V* = 5.0 Voc, (Note 4)) 


as LM139A LM239A, LM139 : 
Parameter Conditions [| LM339A oe Units 


Min Typ Max |Min Typ Max |MinTyp Max 
input Offset Vottage (Note 9) Po TO | (80 | Vw 
Input Offset Current lingy—liny» Vom=OV 100 nApc 


4.0 0 
Input Bias Current line OF tin¢-y With Output in 300 400 300 | nNApc 
Linear Range, Voy=0V (Note 5) 
700 0 


Input Common-Mode V*=30 Voc (LM3302, 0 V*-2.0 | 0 V*-2.0 | 0 V*-2.0 | Voc 
Voltage Range V*=28 Voc) (Note 6) falas Sali Siac 
Saturation Voltage Vin=1 Voc: Vinga)=9; 70 700 |MVp5c 
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Electrical Characteristics (continued) 
(V* = 5.0 Voc, (Note 4)) 


LM139A . | —LM239A, LM139 © ; 


Min Typ Max |Min Typ Max |Min Typ Max 


: ; 7 


40 
_ 300 


Parameter 





Conditions __. 











Vinw=1 Vpbe: Vini)=9, 
Vo=30 Voc, (LM3302, 
Vo=28 Vpc) 

Keep all Vin’S20 Voc (or V-, 
if used), (Note 8) 


Output Leakage Current 








Differential Input Voltage 





Electrical Characteristics 
(V* = 5.0 Voc: (Note 4)) 


Parameter Conditions  — LM239, LM339 LM2901 LM3302 Units 
Min Typ Max |Min Typ Max |Min Typ Max 


input Offset Vowage | (Note 9) P85 | AO Vg 
Input Offset Current ling liney» Vem=OV 150 50 200 {800 NApc 
Input Bias Current lings OF tiny) With Output in , 20 


Linear Range, Voy=0V (Note 
5) 

Vt=30 Voc (LM3302, V*=28 
Voc) 
(Note 6) 






1000 | nApc 





0 


Input Common-Mode Vt~2.0 





Voltage Range 












Saturation Voltage Vine=1 Voe: Ving =9; 700 400 700 700 | MVpoc 
Isinks4 mA ido Wd 

Output Leakage Current | Vingwy=1 Voes Vinc-)=0, 1.0 | 1.0 1.0 UApc 
Voc) ‘ 

Differential Input Voltage | Keep all V;\y’s20 Voc (or V~, 36 36 28 Voc 


Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal 
resistance of 95°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based 
on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the chip dissipation very small (Pps100 
mW), provided the output transistors are allowed to saturate. 


Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 20 mA independent of the magnitude of V*. 


Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran- 
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 
IC chip. This transistor action can cause the output voltages of the comparators to go to the V* voltage level (or to ground for a large overdrive) for the time duration 
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value - 
greater than -0.3 Voc (at 25°)C. , 


Note 4: These specifications are limited to -55°C<T,<+125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to 
-25’°CsTas+85°C, the LM339/LM339A temperature specifications are limited to O°C<T,<+70°C, and the LM2901, LM3302 temperature range is —40°C<T,<+85'C. 
Note 5: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so 
no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 
voltage range is V* -1.5V at 25°C, but either or both inputs can go to +30 Vpc without damage (25V for LM3302), independent of the magnitude of V*. 

Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance char- 
acteristics section. . 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the compara- 
tor will provide a proper output state. The low input voltage state must not be less than —0.3 Voc (or 0.3 Vpcbelow the magnitude of the negative power supply, if 
used) (at 25°C). : z. 


Note 9: At output switch point, Vo=1.4 Voc, Rg=0Q with V* from 5 Vpc¢ to 30 Vpc; and over the full input common-mode range (0 Vpc to V* -1.5 Vpc), at 25°C. - 
For LM3302, V* from 5 Vpc to 28 Voc. — 


Note 10: Refer to RETS139AX for LM139A military specifications and to RETS139X for LM139 military specifications. — 
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LM160/LM360 


National Semiconductor 


High Speed Differential Comparator 


General Description 


The LM160/LM360 is a very high speed differential input, 
complementary TTL output voltage comparator with im- 
proved characteristics over the uA760/yA760C, for which it 
is a pin-for-pin replacement. The device has been optimized 
for greater speed, input impedance and fan-out, and lower 
input offset voltage. Typically delay varies only 3 ns for over- 
drive variations of 5 mV to 400 mV. 


Complementary outputs having minimum skew are provided. 
Applications involve high speed analog to digital convertors 
and zero-crossing detectors in disk file systems. 


Connection Diagrams 


Metal Can Package 





TOP VIEW 
DS005707-4 


Order Number LM160H/883 (Note 1) 
See NS Package Number H08C 


Note 1: Also available in SMD# 5962-8767401 
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Features 


Guaranteed high speed: 20 ns max 

Tight delay matching on both outputs 
Complementary TTL outputs 

High input impedance 

Low speed variation with overdrive variation 
Fan-out of 4 

Low input offset voltage 

Series 74 TTL compatible 


Dual-in-Line Package 
v* OUT! OUT2 GND 





NC IN2 IN1 v~ 


TOP VIEW 
DS005707-5 


~ Order Number _LM360M, LM360MX or LM360N 
See NS Package Number MO8A or NO8E 
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LM160/LM360 


Absolute Maximum Ratings (notes 6, 3) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature Range 


-65'C to +150°C 
Lead Temperature 


Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 
ESD Tolerance (Note 9) 
Operating Temperature Range 
LM160 
LM360 


Electrical Characteristics 
(Twin S Ta S Taax) 
Parameter 

Operating Conditions 

Supply Voltage Voc* 

Supply Voltage Veg” 
Input Offset Voltage 
Input Offset Current. 
Input Bias Current 
Output Resistance (Either Output) 
Response Time | 


Response Time Difference between Outputs 
(tog Of +Vin1) — (tog Of -Vino) 
(toa Of +Vino) — (tog Of —Vins) 
(tog Of +Vina) — (tog Of +Vino) 
(tog Of —Vini) — (tog Of -Vina) 
Input Resistance . 
Input Capacitance 
Average Temperature Coefficient of 
Input Offset Voltage 
Average Temperature Coefficient of 
Input Offset Current 
Common Mode Input Voltage Range 
Differential Input Voltage Range 
Output High Voltage (Either Output) 
Output Low Voltage (Either Output) 
Positive Supply Current 
Negative Supply Current 


—55°C to +125°C 


(Soldering, 10 sec.) 260°C 
Soldering Information 
+8V Dual-In-Line Package , 
_8V Soldering (10 seconds) 260°C 
20 mA © Small Outline Package oe. 
+5V Vapor Phase (60 seconds) 215°C 
VED Vy eV Infrared (15 seconds) 220°C 
4600V See AN-450 “Surface Mounting Methods and Their Effect 


on Product Reliability” for other methods of soldering 


surface mount devices. 


0°C to +70°C 















45 | V 

45 | | V 

Cr TTTC™OCSSCid 
a OO 
ete ee ee ee 
Ta = 25°C, Vg = £5V (Notes 2, 7) 13 25 ns 
T, = 25°C, Vs = +5V (Notes 3, 7) 12 | 20 ns 
T, = 25°C, Veg = £5V (Notes 4, 7) 14 ns 
T, = 25°C (Notes 2, 7) 2 ns 
T, = 25°C (Notes 2, 7) 2 ns 
Ta, = 25°C (Notes 2, 7) 2 ns 
T, = 25°C (Notes 2, 7) ; | 2 ns 
fisiweSSSCSC~YSC‘“‘“R ~«*dSS~SC~*d;Ci 
f= 1 MHz ees a en ee 
our = 820A, Vezaasv | 24 | 3 || Vv 
Plene=64mASSSC~*wC*~‘“‘*d;C‘CRS:*LCA | 
V5 = #68V a a 
Ve=s65vS~é~‘dSC~*‘iC‘S*dYC tm 


Note 2: Response time measured from the 50% point of a 30 mVp-p 10 MHz sinusoidal input to the 50% point of the output. 
Note 3: Response time measured from the 50% point of a 2 Vp-p 10 MHz sinusoidal input to the 50% point of the output. 
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Electrical Characteristics (continued) 


Note 4: Response time measured from the start of a 100 mV input step with 5 mV overdrive to the time when the output crosses the logic threshold. 


Note 5: Typical thermal impedances are as follows: 
Cavity DIP (J): 8A 135°C/W Header (H) 8jA 
Molded DIP (N): iA 130°C/W 
91 
Note 6: The device may be damaged if used beyond the maximum ratings. 
Note 7: Measurements are made in AC Test Circuit, Fanout = 1 
Note 8: Refer to RETS 160X for LM160H, LM160J-14 and LM160J military specifications. 
Note 9: Human body model, 1.5 kQ in series with 100 pF. 
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165°C/W 
67°C/W 
25°C/W 


(Still Air) 
(400 LF/min Air Flow) 
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LM161/LM361 


AY vationat Semiconductor 





LM161/LM361 
High Speed Differential Comparators 


General Description Features 


The LM161/LM361 is a very high speed differential input, | ™ Independent strobes 

complementary TTL output voltage comparator with im- ™ Guaranteed high speed: 20 ns max 
proved characteristics over the SE529/NE529 for which itis ™ Tight delay matching on both outputs 

a pin-for-pin replacement. The device has been optimized for | Complementary TTL outputs 

greater speed performance and lower input offset voltage. Operates from op amp supplies: +15V 
Typically delay varies only 3 ns for over-drive variations of 5 
mV to 500 mV. It may be operated from op amp supplies 
(+15V). 

Complementary outputs having maximum skew are pro- 
vided. Applications involve high speed analog to digital con- 
verters and zero-crossing detectors in disk file systems. 


m Low Speed variation with overdrive variation 
= Low input offset voltage 
m Versatile supply voltage range 


Connection Diagrams Logic Diagram 


Dual-In-Line Package vt STROBE 1* Voc 


Vec STROBE 1 nc OUTPUT’ GND OUTPUT 2 STROBE 2 


= 





QUTPUT 1 


INPUT 1 


INPUT 2 


OUTPUT 2 


Lr 





v- STROBE2* ~ 


DS005708-4 





*Output is low when current is drawn from strobe pin. 


yt NC INPUT 1 =o INPUT 2 NC Vv NC 
DS005708-2 


Top View 
Order Number LM361M, LM361MX or LM361N 
See NS Package Number M14A or N14A 


Metal Can Package 





(6 ] GND 


OUTPUT 2 


sTROBE2 (4) 
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Order Number LM161H/883 or LM361H 
See NS Package Number H10C 
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- 
Absolute Maximum Ratings (note 1) Operating Conditions = 
If Military/Aerospace ‘specified devices are required, Min Typ Max = 
please contact the National Semiconductor Sales Office/ Supply Voltage V* = 
Distributors for availability and specifications. ride ay se & 
Positive Supply Voltage, V* +16V LM361 5V 15V = 
Negative Supply Voltage, V~ -16V Supply Voltage V~ 
Gate Supply Voltage, Voc +7V LM161 —6V ~15V 
Output Voltage +7V LM361 _6V —~15V 
Differential Input Voltage +5V Supply Voltage Voc 
Input Common Mode Voltage +6V LM161 4.5V 5V 5.5V 
Power Dissipation 600 mW LM361 4.75V 5V 5.25V 
Storage Temperature Range -65°C to +150°C ESD Tolerance (Note 5) 1600V 
Operating Temperature Range Twn Tmax Soldering Information 

pave! pen tee Dual-In-Line Package 

LM361 0°C to 470°C soldering (10 seconds) 260°C 
Lead Temp. (Soldering, 10 seconds) 260°C ae ds) 15°C 
For Any Device Lead Below V—- 0.3V Infrared (15 seconds) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect on 
Product Reliability” for other methods of soldering surface 
mount devices. 


Electrical Characteristics 
(V* = +10V, Voc = +5V, V~ = -10V, Tran S$ Ta S Teax, unless noted) 


Parameter LM161 LM361 Units 
| Min | Typ | Max_| 
input Offset Voliags meee mv 


Input Bias Current Ta=25'C 10 UA 
ee tae ||P dw | 
Input Offset Current T,=25°C 2 UA 
ee eel tet “ 

Eo 

seme 


Voltage Gain Ta=25°C V/mV 
Input Resistance Ta=25°C, f=1 kHz kQ. 


Logical “1” Output Voltage Voc=4.75V, 2.4 3.3 2.4 iat V 
lsource=—0.5 mA 


Logical “0” Output Voltage co 75V, 0.4 0.4 V 
avin il 

Strobe Input “1” Current Vi -=55V. 200 200 UA 

(Output Enabled) VstrRopE=2-4V | sl 

Strobe Input “O” Current Voc=5.25V, —1.6 —1.6 mA 

(Output Disabled) VstrRope=0.4V Pf 

Strobe Input *0 Voltage os | | | oe | Vv 


Strobe Input “1” Voltage Voor. 75V 
Output Short Circuit Current Voc=5.25V, Voyr=0V -18 


Vt=10V, V-=-10V, 
Voc=5.25V, 
~55°C<T,5125°C 






Supply Current |* 









Vt=10V, V-=-10V, 
Voc=5.25V, 
0°C<T,<70°C 





Supply Current |I* 









V+=10V, V-=-10V, 
Voc=5.25V, 
~55°C<T,<125°C 





Supply Current I~ 
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LM161/LM361 


Electrical Characteristics (continued) | 
(V* = +10V, Vog = +5V, V~ = -10V, Tryin S$ Ta S Tmax, unless noted) 


Parameter Conditions LM161 LM361 


| V*=10V, 
Supply Current I V7=-10V,Vec=5.25V, 10 
0°C<T,<70°C 
















- V*=10V, V~=-10V, 
Supply Current loc Voc=5.25V, 18 
—55°CsT,S125°C 
V*=10V, V-=-10V, 
Supply Current loc Voc=5.25V, 20 
| 0°C<T,<70°C 
Transient Response Vin = 50 mV overdrive 
(Note 3) 
Propagation Delay Time (tpg) | Ta=25°C 14 20 14 20 
Propagation Delay Time (tpa1)) | Ta=25°C | 14 20 14 20 
Delay Between Output A andB | T,=25°C 2 5 2 5 
Strobe Delay Time (tpaoy) Ta=25'C 8 8 
Strobe Delay Time (tpa;14)) Ta=25'C 8 8 
Note 1: The device may be damaged by use beyond the maximum ratings. 
Note 2: Typical thermal impedances are as follows: 
H Package J Package N Package 
Oia 165°C/W (Still Air) 112°C/W 105°C/W 
67°C/W (400 LF/Min 
Air Flow) 
8ic 25°C/W 


DS005708-17 


Note 3: Measurements using AC Test circuit, Fanout = 1. The devices are faster at low supply voltages. 
Note 4: Refer to RETS161X for LM161H and LM161J military specifications. 
Note 5: Human body model, 1.5 kQ in series with 100 pF. 
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LM193/LM293/LM393/LM2903 


National Semiconductor 


Low Power Low Offset Voltage Dual Comparators 


General Description 


The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification as 
low as 2.0 mV max for two comparators which were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 


Application areas include limit comparators, simple analog to 
digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM193 series was 
designed to directly interface with TTL and CMOS. When op- 
erated from both plus and minus power supplies, the LM193 
series will directly interface with MOS logic where their low 
power drain is a distinct advantage over standard compara- 
tors. 


Advantages 


m High precision comparators 


Connection Diagrams 


Squarewave Oscillator 





DS005709-38 
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Reduced Vog drift over temperature 
Eliminates need for dual supplies 

Allows sensing near ground 

Compatible with all forms of logic 

Power drain suitable for battery operation 


Features 
m= Wide supply 
— Voltage range: 
— single or dual supplies: 


2.0V to 36V 
+1.0V to +18V 


m Very low supply current drain (0.4 mA) — independent 
of supply voltage 
Low input biasing current: 25 nA 
Low input offset current: +5 nA 
Maximum offset voltage: +3 mV 


Input common-mode voltage range includes ground 
Differential input voltage range equal to the power 
supply voltage 

Low output saturation voltage,: 250 mV at 4 mA 
Output voltage compatible with TTL, DTL, ECL, MOS 
and CMOS logic systems 


Non-Inverting Comparator with Hysteresis 





DS005709-9 
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LM193/LM293/LM393/LM2903 


Schematic and Connection Diagrams 






Metal Can Package 





TOP VIEW 


DS005709-3 


Order Number LM193H * 
LM193H/883 , LM193AH-QMLV ** 
LMi193AH, LM193AH/883, 
LM293H or LM393H 
See NS Package Number H08C 


Note: * Also available per JM38510/11202 
Note: ** See STD Mil DWG 5962-94526 
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CH) 1004 


OUTPUT 
O 


DS005709-2 


Dual-In-Line Package 


vt 
INVERTING INPUT A OUTPUT B 
NON-INVERTING 

INPUT A INVERTING INPUT 8 





NON-INVERTING 
INPUT B 


TOP VIEW 


DS005709-1 


Order Number LM193J/883 * 
LM193AJ/883, LM193AJ-QMLV ** 
LM393M, LM393MX, LM2903M, 
LM2903MX, LM393N or LM2903N 
See NS Package Number JO8A, 
MO8A or NO8E 


Absolute Maximum Ratings (note 10) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


—55°C to +125°C 
-—40°C to +85°C 
—65°C to +150°C 


LM193/LM193A 

LM2903 
Storage Temperature Range 
Lead Temperature 


Supply Voltage, Vt 36V (Soldering, 10 seconds) +260°C 
Differential Input Voltage (Note 8) 36V Soldering Information 
Input Voltage ~0.3V to +36V Dual-In-Line Package 
Input Current (V,<—0.3V) (Note 3) 50 mA Soldering (10 seconds) 260°C 
Power Dissipation (Note 1) Small Outline Package 215°C 
Molded DIP 780 mW Vapor Phase (60 seconds) 
Metal Can 660 mW Infrared (15 seconds) 220°C 
i theese st mW Sed aL roe aods ef aoeatng 
Output Short-Circuit to Ground wurace mounidevicas: 
(Note 2) Continuous ESD rating 
Operating Temperature Range (1.5 kQ in series with 100 pF) 1300V 
LM393/LM393A 0°C to +70°C 
LM293/LM293A —25°C to +85°C 


Electrical Characteristics 
(V*=5V, T, = 25°C, unless otherwise stated) 


Parameter Conditions | 


Input Offset Voltage 
Input Bias Current 


(Note 9) 


Range, Vom = OV (Note 5) 








lin(+) Or Iiy(—) with Output In Linear 





LM1 — 


LM293A, — Units 


Min oe 


Min 


+ 
< 
TS 


1.0 
100 









Input Offset Current lin(+)—lin(-) Vom = OV nA 

Input Common Mode V+ = 30V (Note 6) 0 o 5 V 

Voltage Range 

Supply Current an) ne 1 mA 
a —— 

Voltage Gain R, 215 kQ, V*¥=15V 50 8200 a 

Large Signal Response Vin=TTL Logic Swing, Vaer=1.4V 300 

Response Time Var=5V, R_=5.1 kQ (Note 7) Us 

Output Sink Current Vin(-)=1V, Vin(+)=0, Vo=1.5V co 6 leo. 16° mA 

Saturation Voltage Vin(-)=1V, Vin(+)=90, IoinxS4 MA —_ a ae ee mV 

Output Leakage Current Vin(-)=0, Vin(+)=1V, Vo=5V nA 


Electrical Characteristics 
(V*=5V, T, = 25°C, unless otherwise stated) 


Parameter 


Input Offset Voltage 
Input Bias Current wa +) or < ~) with Output In 
Linear Range, et = OV (Note 5) 
Input Offset Current 
Input Common Mode 
Voltage Range 


Supply Current 


ws = 30V (Note 6) 


a) 
= 
UW 
aie 


Ce a aS 


Vt=36V 1 2.5 


LM193 LM293, LM393 LM2903 Units 
Min Typ Max |Min Typ Max |Min Typ Max 
10 50 | 10 60 | 20 70 


mV 

as ae 
1.0 mA 

2.5 mA 
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CO6CIN V/EGEW /E6CIN VEG LINT 


LM193/LM293/LM393/LM2903 


Electrical Characteristics (Continued) 
(V+=5V, T, = 25°C, unless otherwise stated) - 3 


| Parameter ~ Conditions LM193 LM293, LM393 LM2903 Units 
Min Typ Max |Min Typ Max |Min Typ Max 


Voltage Gain R, 215 kQ, Vt=15V | 50 200 | 25 100 VimV 
Large Signal Response | V,y=TTL Logic Swing, Vaer=1.4V 3 | 3 ns 





50 2 
00 3 00 
Response Time _‘[Vas8V,AiS1kQ Noe) | 18 ~(| te S«dY Sd 
Output Sink Current Vin(-)=1V, Vin(+)=0, VoS1.5V 6.0 16 6.0 16 mA 
Saturation Voltage | Vin(-)=1V, Vin(+)=0, Isin<4 mA 250 400 250 400 | mV 
Output Leskage Current [Vi)=0. Vnlt)=1V.Vo=8V | ot «| oa oti 


oO) 


00 
00 
1.3 
16 
250 


Electrical Characteristics 
(V+ = 5V) (Note 4) 


Parameter 


LM193A Units 
Input Offset Voltage (Note 9) ne ae mV 


Input Offset Current lingya line)» Vem=0V 100 A 


Input Bias Current lin(+) OF Iyy(—) with Output in Linear Range, A 
Vom=0V (Note 5) 


3 | 5 


Input Common Mode V*+=30V (Note 6) —2.0 V 
Voltage Range 


Min Typ Max 
4.0 
300 
0 Vt-2. 
Saturation Voltage Vin(-J=1V, Vin(+)=0, leinkS4 mA mV 
Output Leakage Current Vin(-)=0, Vingy=1V, Vo=30V aa UA 
Differential Input Voltage Keep Alll V,n’s20V (or V-, if Used), (Note 8) 


Electrical Characteristics 
(V+ = 5V) (Note 4) 


oe ie ee ee 
input Offeet Voltage ee 
input Offset Current [Inarlnwey VeweOV——SSSCS~S~dtCSCSC~C~SO YT SCSC~C~SB SOO | A 


Saturation Voltage Vin(-)=1V, Vin(+)=0, IsinkS4 MA | 700 | si | = 400-700 | mv 
Output Leakage Current | Viy(-)=0, Viqay=1V, Vo=30V ey 


0 
Differential Input Keep All V,,’s20V (or V-, if Used), 
Voltage (Note 8) | 


Note 1: For operating at high temperatures, the LM393/LM393A and LM2903 must be derated based on a 125°C maximum junction temperature and a thermal re- 
sistance of 170°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM193/LM193A/LM293/LM293A must be de- 
rated based on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the chip dissipation very small: 
(Pps100 mW), provided the output transistors are allowed to saturate. 


Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 20 mA independent of the magnitude of V*. 


Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran- 
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 
IC chip. This transistor action can cause the output voltages of the comparators to go to the V* voltage level (or to ground for a large overdrive) for the time duration 
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value 
greater than —0.3V. 


_ Note 4: These specifications are limited to -55°C<T,<+125°C, for the LM193/LM193A. With the LM293/LM293A all temperature specifications are limited to 
-—25°C<Tp<+85°C and the LM393/LM393A temperature specifications are limited to 0°C<T,<+70°C. The LM2903 is limited to -40°C<T,s+85°C. 


10 150 
Input Bias Current lin(+) OF Iiy(—) with Output in Linear 300 400 200 500; nA 
Voltage Range 
700 0 : 
1.0 
36 36 


36 V 
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Electrical Characteristics (Continued) 


Note 5: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so 
no loading change exists on the reference or input lines. 


Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 
voltage range is V*—1.5V at 25°C, but either or both inputs can go to 36V without damage, independent of the magnitude of V*. 


Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance 
characteristics section. 


Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the compara- 
tor will provide a proper output state. The low input voltage state must not be less than —0.3V (or 0.3V below the magnitude of the negative power supply, if used). 


Note 9: At output switch point, Vo=1.4V, Rg=0Q with V* from 5V to 30V; and over the full input common-mode range (OV to V*—1.5V), at 25°C. 
Note 10: Refer to RETS193AX for LM193AH military specifications and to RETS193X for LM193H military specifications. 


CO6CIN T/EGEWN T/E6CW T/E6 LWT 
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~LM392 





LM392 


AY vational Semiconductor 


Low Power Operational Amplifier/Voltage Comparator 


General Description 


The LM392 series consists of 2 independent building block 
circuits. One is a high gain, internally frequency compen- 
sated operational amplifier, and the other is a precision volt- 
age comparator. Both the operational amplifier and the volt- 
age comparator have been specifically designed to operate 
from a single power supply over a wide range of voltages. 
Both circuits have input stages which will common-mode in- 
put down to ground when operating from a single power sup- 
ply. Operation from split power supplies is also possible and 
the low power supply current is independent of the magni- 
tude of the supply voltage. 


Application areas include transducer amplifier with pulse 
shaper, DC gain block with level detector, VCO, as well as all 
conventional operational amplifier or voltage comparator cir- 
cuits. Both circuits can be operated directly from the stan- 
dard 5 Vpc power supply voltage used in digital systems, 
and the output of the comparator will interface directly with 
either TTL or CMOS logic. In addition, the low power drain 
makes the LM392 extremely useful in the design of portable 
equipment. 


Advantages 

m Eliminates need for dual power supplies 

# An internally compensated op amp and a precision 
comparator in the same package 

m Allows sensing at or near ground 


Connection Diagram 


m Power drain suitable for battery operation 
m Pin-out is the same as both the LM358 dual op amp and 
the LM393 dual comparator 


Features 
m= Wide power supply voltage range 
Single supply: 3V to 32V 


Dual supply: +1.5V to +16V 
Low supply current drain—essentially independent of 
supply voltage: 600 LA 
Low input biasing current: 
Low input offset voltage: 2mV 
Low input offset current: 5 nA 
Input common-mode voltage range includes ground 
Differential input voltage range equal to the power 
supply voltage 
ADDITIONAL OP AMP FEATURES 
Internally frequency compensated for unity gain 


50 nA 


r 
m Large DC voltage gain: 100 dB 

m Wide bandwidth (unity gain): 1 MHz 

m= Large output voltage swing: OV to V* — 1.5V 


ADDITIONAL COMPARATOR FEATURES 
@ Low output saturation voltage: 250 mV at4 mA 
m= Output voltage compatible with all types of logic systems 


(Amplifier A = Comparator) 
(Amplifier B = Operational Amplifier) 
Dual-In-Line Package 


OUTPUT A 
(COMPARATOR) 


INVERTING INPUT A 


NON-INVERTING 
INPUT A 





yr 


OUTPUT B 
(OP AMP) 


INVERTING INPUT B 


NON-INVERTING 
INPUT B 


DS007793-1 


(Top View) 

Order Number LM392M or LM392MX 
See NS Package Number M08A 
Order Number LM392N 
See NS Package Number NO8E 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage, Vt 
Differential Input Voltage 
Input Voltage 

Power Dissipation (Note 2) 

Molded DIP (LM392N) 

Small Outline Package (LM392M) 
Output Short-Circuit to Ground (Note 3) 
< -0.3 Vp-) (Note 4) 
Operating Temperature Range 


Input Current (Vij 


Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
ESD rating to be determined. 
Soldering Information 
Dual-in-Line Package 
Soldering (10 seconds) 
Small Outline Package 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


LM392 
32V or +16V 
32V 
—0.3V to +32V 


820 mW 
530 mW 
Continuous 
50 mA 
0°C to +70°C 
—65°C to +150°C 
260°C 


260°C 


215°C 
220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other 


methods of soldering surface mount devices. 


Electrical Characteristics 


(V* = 5 Vpc; specifications apply to both amplifiers unless otherwise stated) (Note 5) 


Parameter 


Input Offset Voltage 
Input Bias Current 


| T,= 25°C, (Note6) = OS: | T,= 25°C, (Note6) — 6) 


Input Offset Current 

Input Common-Mode Voltage Range 
Supply Current 

Supply Current 

Amplifier-to-Amplifier Coupling 


—— Vis ao 
R, =, Vt=5 


Referred, (Note 9) 
Input Offset Voltage 
Input Bias Current 
Input Offset Current IN(+) — IN(-) 


Conditions 


f = 1 kHz to 20 aE T, = 25°C, Input 


Units 
He | ee 
mV 


MO or IN(-), Ts, =25°C, (Note 7), Vom = Ae dl hal nA 


CING-NC = esoSSCSC~rSC“~*‘“dtC* nA 
a 


ee ee 
i 


MNCS Os a ed 2 
IN(+) of IN(~) ae a 


ee a 


Input Common-Mode Voltage Range V* = 30 Vpc, (Note 8) Fo ff vt | V 


Differential Input Voltage 
(Note 10) 


Keep All Vin’S2 0 Voc (or V™, 


if used ) 


_ | |* i * 
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LM392 


Electrical Characteristics (Continued) 


(V* = 5 Vpc; specifications apply to both amplifiers unless otherwise stated) (Note 5) 


Parameter Conditions 


















OP AMP ONLY 

Large Signal Voltage Gain Vt = 15 Voc, Vo swing = 1 Voc tO 11 Vpc; V/mV 
R, = 2 kQ, T, = 25°C 

Output Voltage Swing R, = 2 kQ, Ty = 25°C | o {| | vte1.5 | V 

Common-Mode Rejection Ratio DC, Ta = 25°C, Vom= 0, Voc to Vt-1.5 Ter, dB 
Voc 

Power Supply Rejection Ratio DC, T, = 25°C = ay dB 

Output Current Source Vinis) = 1 Voc: ViIN-) = 0 Voc: mA 
Vt = 15 Voc: Vo > 2 Voc: Ta = 25°C 

Output Current Sink Vine) = 1 Voc: Vina) = 0 Voc: mA 
Vt = 15 Voc: Vo =2Vpc, Ta _ 25°C 
Vinc) = 1 Ve; Vins) = 0 Voc; UA 
V* = 15 Voc, Vo =200 mV, Ty = 25°C 

input Offset Voltage Dri rRs=oo—“~*~*s*~s*~s—s~sé‘dTSC“‘T ?]~*iL|~SS~*dYSC 


input Offset Current Drift Cg = 090 


COMPARATOR ONLY 


Voltage Gain R. > 15 kQ, V* = 15 Voc, Ta = 25°C ee ee ee V/mV 


Large Signal Response Time Vin = TTL Logic Swing, Vrer = 1-4 Voc ns 
Vat = = 5 Voc: R, = = 5: kQ, Ta = 25° C 


Response Time Vu =5Voq A =51KOT~=250 | | 19 | ‘| os 
Output Sink Current Viney =1 Voe: Vinay) = 9 Voe: caboiged mA 
Vo 21.5 Voc, Ta = 25°C 
Isink $4 mA, T, = 25°C 
Vinee lcs, Vinee i 700 mV 
Isink $4 MA 
Output Leakage Current Vinc-) = 9, Ving 2 1 Vpe: Li. nA 
. Vo=5 Eee Tas = 25°C 
Ve= = 30 Wee 


Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
' functional, but do not guarantee specific performance limits. 


Note 2: For operating at temperatures above 25°C, the LM392 must be derated based on a 125°C maximum junction temperature and a thermal resistance of ~ 
122°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The dissipation is the total of both amplifiers —use external 
resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 


Note 3: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V*. At values of supply voltage in excess of 15V, con- 
tinuous short circuits can exceed the power dissipation ratings and cause eventual destruction. 


Note 4: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran- 
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 
IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V* voltage level (or to ground for a large overdrive) for the time duration 
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value 
greater than —0.3V (at 25°C). 

Note 5: These specifications apply for Vt = 5V, unless otherwise stated. For the LM392, temperature specifications are limited to 0°C < Ty, < +70°C. 

Note 6: At output switch point, Vo = 1.4V, Rg = 0Q with V* from 5V to 30V; and over the full input common-mode range (OV to V* - 1.5V). 


Note 7: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so 
no loading change exists on the input lines. 






Note 8: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 
voltage range is V* — 1.5V, but either or both inputs can go to 32V without damage. 


Note 9: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. This typically can be 
detected as this type of capacitive coupling increases at higher frequencies. 


Note 10: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common-mode range, the 
comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The input voltage state must not be less 
than —0.3V (or 0.3V below the magnitude of the negative power supply, if used) on either amplifier. 


Note 11: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 
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National Semiconductor 


LM613 


Dual Operational Amplifiers, Dual Comparators, and 


Adjustable Reference 


General Description 


The LM613 consists of dual op-amps, dual comparators, and 
a programmable voltage reference in a 16-pin package. The 
op-amps out-performs most single-supply op-amps by pro- 
viding higher speed and bandwidth along with low supply 
current. This device was specifically designed to lower cost 
and board space requirements in transducer, test, measure- 
ment, and data acquisition systems. 


Combining a stable voltage reference with wide output swing 
op-amps makes the LM613 ideal for single supply transduc- 
ers, signal conditioning and bridge driving where large 
common-mode-signals are common. The voltage reference 
consists of a reliable band-gap design that maintains low dy- 
namic output impedance (1Q typical), excellent initial toler- 
ance (0.6%), and the ability to be programmed from 1.2V to 
6.3V via two external resistors. The voltage reference is very 
stable even when driving large capacitive loads, as are com- 
monly encountered in CMOS data acquisition systems. 

As a member of National’s Super-Block™ family, the LM613 
is a space-saving monolithic alternative to a multi-chip solu- 
tion, offering a high level of integration without sacrificing 
performance. 


Connection Diagrams 





DS009226-1 
Top View 
E Package Pinout 


-IN Comp Comp -IN 
Comp Out Out Comp 
(1) (1) (4) (4) 





Out Feed Cath- Out 


Amp Back ode Amp 
(2) (3) 
DS009226-48 


5-31 


Features 


OP AMP 
Low operating current (Op Amp): 300 pA 
Wide supply voltage range: 4V to 36V 


Wide differential input voltage: +36V 


Range Operation 

REFERENCE 

Adjustable output voltage: 1.2V to 6.3V 
Tight initial tolerance available: +0.6% 


Wide common-mode range: V~ to (V* - 1.8V) 


Available in plastic package rated for Military Temp. 


| 
a 
m Wide operating current range: 17 HUA to 20 mA 
a 


Tolerant of load capacitance 


Applications 


m Transducer bridge driver 

m Process and mass flow control systems 
m Power supply voltage monitor 

= Buffered voltage references for A/D’s 


Ultra Low Noise, 10.00V Reference. 


*10k must be low 
t.c. trimpot 


Total output noise is typically 14 WVans- 





DS009226-43 
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LM613 


Absolute Maximum Ratings (Note 1) Thermal Resistance, 
oe a : : ) Junction-to-Ambient (Note 5) 
lf Military/Aerospace specified devices are required, N Package 100°C/W 
please contact the National Semiconductor Sales Office/ WM Package 150°C/W 
Distributors for availability and specifications. Soldering Information (10 Sec.) 
; N Package . 260°C 
Voltage on Any Pin Except V o : 
(referred to V-pin) ‘ WM Package — 220°C 
(Note 2) . 36V (Max) ESD Tolerance (Note 6) Se  +1KkKV 
(Note 3) —0.3V (Min) 
Current through Any Input Pin Operating Temperature Range > 
biferential Input Voltage LM613AlI, LM613BI: —40°C to +85°C 
nei a Industrial +36V LM613AM, LM613M: a -55°C to +125°C 
ommerels +32V —__LM613C: 0'C <T,<+70°C 
Storage Temperature Range -65°C < T, < +150°C 
Maximum Junction Temp.(Note 4) 150°C 


Electrical Characteristics 


These specifications apply for V- = GND = OV, V* = 5V, Vom = Vout = 2.5V, Im = 100 pA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 
Temperature Range. 







LM613AM 






LM613M_ 






















. Typical | LM613AlI LM613I 
Symbol Parameter Conditions (Note 7) Limits LM613C Units 
(Note 8) Limits 


(Note 8) 


Total Supply Current Rioap = | 450 940 1000 
een [ivTwcaneavecineae | so | soo | toro 
Supply Voltage Range 2.2 2.8 | 2.8 

46 36 32 


OPERATIONAL AMPLIFIERS 

Waa Vos Over Supply 4V < V+ < 36V 1.5 3.5 | 5.0 ~ mV (Max) 

Vose | Over Vou va = OV Fthroligh ies I 1.0 3.5 5.0 mV (Max) 
AT (Max) 

Ip Input Bias Current 10 35 nA (Max) 

los Input Offset Current 0.2 nA (Max) 


losi Average Offset Current DAY C 
AT 


Rin Input Resistance Differential 1000 ——— MQ 
Gn | Input Capacitance pF 










UA (Max) 
uA (Max) 
V (Min) 
V (Min) 
V (Max) 










en Voltage Noise f = 100 Hz, Input Referred as nV/VHz 


la oe Noise f = 100 Hz, Input Referred Lares fA/\Hz 
CMRR seine Mode Vt = 30V, OV < Voy s (V* - 1.8V) 80 75 dB (Min) 
Rejection Ratio CMRR = 20 log (AVoy/AVos) | 75 | 70 dB (Min) 
PSRR Power Supply 4V < Vt < 30V, Voy = V*/2, 80 75 dB (Min) 
Rejection Ratio PSRR = 20 log (AV*/Vos) 75 70 dB (Min) 
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Electrical Characteristics (Continued) 


These specifications apply for V- = GND = OV, V* = 5V, Vow = Vout = 2.5V, I_ = 100 pA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are fo 
Temperature Range. 










LM613AM LM613M 


















Typical | LM613AlI LM6131 
Symbol Parameter Conditions (Note 7) Limits LM613C 
(Note 8) Limits 


(Note 8) 


= 30V, 500 100 94 
50 40 40 


OPERATIONAL AMPLIFIERS 
Ay Open Loop R,_ = 10 kQ to GND, Vt 
SR Slew Rate V* = 30V (Note 9) 0.70 0.55 0.50 
pee | tae | tae | es 
GBW Gain Bandwidth C, = 50 pF 0.8 
perewewme [ere | 
Vor Output Voltage R, = 10 kQ to GND, | Vt-1.4 | V*-1.7 Vt - 1.8 
V-+0.8 | V°+0.9 V~ + 0.95 
eargiow 


Voo Output Voltage R, = 10 kQ to V*, 


Swing Low V* = 36V (32V for LM613C) 


lout Output Source Current Vout = 2.5V, Viin = OV, 25 20 16 
Isink Output Sink Current Vout = 1.6V, Vii, = OV, 


Short Circuit Current 


17 14 | 13 

ae 

Vour = OV.Vi = 3V, 30 50 50 
Von = 2V 60 60 
Vour = 5V, Vtin = 2V, 30 60 70 
Voy = 3V 32 80 90 


IsHORT 





COMPARATORS 


Vos Offset Voltage 4V < V* < 36V (82V for LM613C), 
Vos Offsei Voltage OV < Vom < 36V 
Vom V* = 36V, (32V for LM613C) 


Vos Average Offset 


AT Voltage Drift 


| lb Input Bias Current 


1.0 3.0 5.0 
2.0 6.0 7.0 
1.0 3.0 5.0 
1.5 6.0 7.0 
| 
0.3 


R, = 10 kQ to 36V (32V for 
LM613C) 





Ay Voltage Gain 





a 

poo] | 
20 10 

pi [is | oe 
2.8 1.0 0.8 

LEAK Output Leakage Viin = 1V, Vow = OV, 0.1 10 

VOLTAGE REFERENCE 


Vea Voltage Reference (Note 10) 1.244 1.2365 1.2191 
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2V < Vour S$ 27V 
t, Large Signal Viin = 1.4V, Von = TTL Swing, 
Isink Output Sink Current Vin = OV, Vin = 1V 


Vour = 1.5V 
Vout = 0.4V 





+ 
] 
| 
| 
| 


or T, = 25°C; limits in boldface type apply over the Operating 








Units 


V/imV 
(Min) 
V/us 


MHz 
MHz 
V (Min) 
V (Min) 
V (Max) 
V (Max) 
mA (Min) 
mA (Min) 
mA (Min) 
mA (Min) 
mA (Max) 
mA (Max) 
mA (Max) 


mA (Max) 


mV (Max) 
mV (Max) 
mV (Max) 
mV (Max) 
uVv/’C 
(Max) 
nA (Max) 
nA (Max) 
nA (Max) 
nA (Max) 
V/imV 


VimV 

Us 

Us 
mA (Min) 
mA (Min) 
mA (Min) 
mA (Min) 
UA (Max) 
UA (Max) 


V (Min) 
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Electrical Characteristics (Continued) 


These specifications apply for V- = GND = OV, V* = 5V, Vow = Vout = 2.5V, Ila = 100 pA, FEEDBACK pin shorted to GND, 
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating 
Temperature Range. 







LM613AM 







LM613M 
















Typical | LM613Al LM6131 
Symbol Parameter (Note 7) Limits LM613C Units 
(Note 8) Limits 


(Note 8) 
VOLTAGE REFERENCE 


1.2515 1.2689 V (Max) 
(+0.6%) (+2%) 
AVp | Average Temp. Drift (Note 11) ppm/"C 
AT (Max) 
AVpr Hysteresis (Note 12) uVv/°C 
ATy 
AVR Vr Change Vaioo pay — Viaci7 pa) 1 1 | mV (Max) 
Alr 1.1 1.1 mV (Max) 
Viaio may — Vato pa) 5 mV (Max) 
(Note 13) mV (Max) 
Q. (Max) 
Q (Max) 













with Current 
























3 Vr Change Varo = vr) ~ Vvro = 6.3V) mV (Max) 
AVrRo with High Vago (5.06V between Anode and mV (Max) 
| FEEDBACk) | 
Va. Vr Change with 
AV+ Vanope Change 


0.01 mV (Max) 
les FEEDBACK Bias VaNopv_E S Vep S 5.06V nA (Max) 
rar 
2 a | 
Vro = Vr 


nA (Max) 
UVams 

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de- 

vice beyond its rated operating conditions. 

Note 2: Input voltage above V* is allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct output. 


Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below 
V-, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation i is undefined 
and unpredictable when any parasitic diode or transistor is conducting. 


Ae = sv) — Vawe = 36v) mV (Max) 
= 32V for LM613C) mV (Max) 


Note 4: Simultaneous short-circuit of multiple comparators while using high supply voltages may force junction temperature above maximum, and thus should not 
be continuous. 


Note 5: Junction temperature may be calculated using Ty = Ta + Pp 85a. The given thermal resistance is worst-case for packages in sockets in still air. For packages 
soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal @), is 90°C/W for the N package, and 135°C/W for the 
WM package. 


Note 6: Human body model, 100 pF discharged through a 1.5 kQ resistor. 


Note 7: Typical values in standard typeface are for T) = 25°C; values in bold face type apply for the full operating temperature range. These values represent the 
most likely parametric norm. 


Note 8: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face). 


Note 9: Siew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output 
voltage transition is sampled at 10V and @ 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition is sampled at 20V 
and 10V. 


Note 10: Vp is the Cathode-to-feedback voltage, wri 1.244V. 


vere 11: Average reference drift is. calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is 
10° eAVA/(VRi25cj*ATy), Where AVp is the lowest value subtracted from the highest, Vaj2s°c) is the value at 25°C, and ATy is the temperature range. This parameter 
is guaranteed by design and sample testing. 


Note 12: Hysteresis is the change in Va caused by a change in T,, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the 
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C. 


Note 13: Low contact resistance is required for accurate measurement. 
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Simplified Schematic Diagrams 


Op Amp 


Te PE EF 


Comparator 












CATHODE 


CLOT 


LM6511 


LM6511 
180 ns 3V Comparator 


General Description 


The LM6511 voltage comparator is ideal for analog-digital in- 


terface circuitry when only a +3V or +3.3V supply is avail- 


able. The open-collector output permits signal compatibility 
with a wide variety of digital families: +5V CMOS, +3V 
CMOS, TTL and so on. Supply voltage may range from 2.7V 
to 36V between supply voltage leads. The LM6511 operates 
with little power consumption (Pygiss < 9.45 mW at Vt = 
+2.7V and V- = OV). 


This voltage comparator offers many features that are avail- 
able in traditional sub-microsecond comparators: output 
sync strobe, inputs and output may be isolated from system 
ground, and wire-ORing. Aliso, the LM6511 uses the 
industry-standard, single comparator pinout configuration. 


Connection Diagram 


GROUND 
NON-INVERTING INPUT 


INVERTING INPUT 


Ordering Information 





Package 








8-Pin Small Outline 
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Industrial Temperature Range NSC Package 
| -—40°C to +85°C Drawing 


LM6511IM, LM6511IMX 





| AY national Semiconductor 


Features 


(Typical unless otherwise noted) 


@ Operates at +2.7V, +3V, +3.3V, +5V 


m Low Power consumption <9.45 mW @ V* = 2.7V (max) 
m™ Fast Response Time of 180 ns 


Applications 


m Portable Equipment 
= Cellular Phones 
@ Digital Level Shifting 


yt 
OUTPUT 
BALANCE/STROBE 


BALANCE 


DS011888-1 






MO8A 
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rr 
‘ ’ = 

Absolute Maximum Ratings (Note 1) Power Dissipation 500 mw D 

If Military/Aerospace specified devices are required, Output Short Circuit Duration 10s | = 

please contact the National Semiconductor Sales Office/ Junction Temperature 150°C 

Distributors for availability and specifications. ESD Rating 

Supply Voltage —0.3 to +36V (C = +100 pF, R = 1.5 kQ) 300V 

Output to Negative Supply Voltage 50V . . 

Ground to Negative Supply Voltage 30V Operating Ratings (Note 1) 

Differential Input Voltage +30V Supply Voltage 2.5V to 30V 

Input Voltage (Note 2) Temperature Range -40°C < T, < +85°C 


Storage Temperature Range -65°C to +150°C 


Soldering Information: 


SO Package 
(Vapor Phase in 60 sec) 
SO Package (Infrared in 15 sec) 


Thermal Resistance (0,,) 


SO Package 170°C/W 
215°C 
220°C 


DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T,; = 25°C. Boldface limits apply at the temperature extremes. Vt = 2.7V, 
V~ = OV, 50Q2 < R, < 50kQ, and |, = 1.0 mA unless otherwise specified 


| (Limits) 
Vos Offset Voltage Rg $ 50 kQ 1.5 > mV 
Ip Input Bias Current 38 130 
los Input Offset Current Rs < 50 kQ 1.5 20 max 
Is Positive Supply Current 2.7 3.5 
ia Da 
Negative Supply Current 1.5 2.0 ~ max 
ceca 
Veat Saturation Voltage Vin S$ 10 mV 0.23 0.4 V 
hy F Large Signal Voltage Gain | AVour=2V_SSS~dYSCSASS*dYSSV 
GMAR | Common Mode Rejection Rao | SSSSCSC~“~dCSCiSC*dTCSCCSC*C“‘“‘CSC*CLCS;S 
ViN Input Voltage Range aa aa ee V min 
Output Leakage Current Vin 2 10 MV, Vour = 35V, 0.2 nA 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C. Boldface limits apply at the temperature extremes. V* = 2.7V, 
V7 = OV, 50Q < R, < 50kQ, and |, = 1.0 mA unless otherwise specified 


















LM6511I 
Limit 


Units 
(Limits) 





Parameter Conditions 


or 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the device is intended to 
be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. 


Note 2: The positive input voltage limit is 30V above the negative supply voltage. The negative input voltage limit is equal to the negative supply voltage or 30V below 
the positive supply voltage, whichever is less. 

Note 3: The offset voltage and offset current limits are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Therefore, 
these parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 


Typical 








Note 4: This specification is for a 100 mV input step with a 25 mV overdrive. 


Note 5: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin 
to ground; it should be current driven at 3 mA to 5 mA. 
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LMC6762 


LMC6762 


7 AY national Semiconductor 


Dual MicroPower Rail-To-Rail Input CMOS Comparator 


with Push-Pull Output 


General Description 


The LMC6762 is an ultra low power dual comparator with a 
maximum supply current of 10 uA/comparator. It is designed 
to operate over a wide range of supply voltages, from 2.7V to 
15V. The LMC6762 has guaranteed specs at 2.7V to meet 
the demands of 3V digital systems. 


The LMC6762 has an input common-mode voltage range 
which exceeds both supplies. This is a significant advantage 
in low-voltage applications. The LMC6762 also features a 
push-pull output that allows direct connections to logic de- 


_ vices without a pull-up resistor. 


A quiescent power consumption of 50 wW/amplifier 
(@ V* = 5V) makes the LMC6762 ideal for applications in 


- portable phones and hand-held electronics. The ultra-low 


supply current is also independent of power supply voltage. 
Guaranteed operation at 2.7V and a rail-to-rail performance 
makes this device ideal for battery-powered applications. 
Refer to the LMC6772 datasheet for an open-drain version 
of this device. 


Connection Diagrams 


Connection Diagram 
8-Pin DIP/SO 





DS012320-1 


Top View 
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Features 


(Typical unless otherwise noted) 

m Low power consumption (max): Is = 10 uA/comp 

m Wide range of supply voltages: 2.7V to 15V 
Rail-to-rail input common mode voltage range 
Rail-to-rail output swing (Within 100 mV of the supplies, 
@ V* = 2.7V, and loan = 2.5 MA) 

Short circuit protection: 40 mA 

Propagation delay (@ V* = 5V, 100 mV 

overdrive): 4 us 


Applications 

Laptop computers 

Mobile phones 

Metering systems 

Hand-held electronics 

RC timers 

Alarm and monitoring circuits 
Window comparators, multivibrators 


Typical Application 





DS012320-16 


Zero Crossing Detector 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Differential Input Voltage 
Voltage at Input/Output Pin 


2 KV 
(V*)+0.3V to (V~)-0.3V 
(V*)+0.3V to (V~)-0.3V 


Supply Voltage (V*-V-) 16V 
Current at Input Pin +5 mA 
Current at Output Pin 

(Notes 7, 3) +30 mA 
Current at Power Supply Pin, 

LMC6762 40 mA 


2./V Electrical Characteristics 


Lead Temperature 


(Soldering, 10 seconds) 260°C 
Storage Temperature Range —65°C to +150°C 
Junction Temperature (Note 4) 150°C 
Operating Ratings (note 1) 

Supply Voltage 2.7<Vs < 15V 


Junction Temperature Range 
LMC6762AI, LMC6762BI 

Thermal Resistance (8,,) 

N Package, 8-Pin Molded DIP 

M Package, 8-Pin Surface Mount 


-40°C < T, $ +85°C 


100°C/W 
172°C/W 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = V*/2. Boldface limits apply at the 


temperature extremes. 

















LMC6762AI | LMC6762BI Units 
(Note 6) (Note 6) 

Vos Input Offset Voltage 3 5 15 mV 
TCVos | Input Offset Voltage 2.0 uv/°C 
Ee a es 

Input Offset Voltage (Note 8) 3.3 uV/Month 
emote fT TL 
ia | tmputCurent ——=Ss=~=“‘dRSC“‘(S™!CC'YO@eCTSSSC~dSC“‘S™*L COPA 
ios | Input Oftset Curent ————SC«dT=SC=“‘“‘;*;™;™S™!SC*SC‘tTSC*dSSC‘“‘#N™SN’ LL.__—_—*iT—iA 
OMAR | Common Mode Rejecion Ratio | —=S=~=—“~*~*~*~sSC“‘“HRSCC*#*DSC“‘CN’NC#CN$SN“NWCL 
PSAR | Power Supply Rejection Ratio | =135V<Ve<a7ev | 80 | —*i| ——SSsd| Si 
hy = 
Vom Input Common-Mode CMRR > 55 dB 3.0 2.9 2.9 V 
-0.3 -0.2 -0.2 V 
Vou Output Voltage High lLoap = 2.5 mA 2.5 2.4 2.4 V 
Voi Output Voltage Low lLoap = 2.5 MA 0.2 0.3 0.3 V 
Is Supply Current For Both Comparators 12 20 20 UA 
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c9LODINT 





LMC6762 


5.0V and 15.0V Electrical Characteristics | av 
Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V and 15.0V,.V~ = OV, Voy = V*/2. Boldface limits 
apply at the temperature extremes. . | : . 7 


LMC6762BI 
Limit Limit 
(Note 6) (Note 6) 


Ven Input Offset Voltage a | | 3 an: 15 mV 
: | 7 8 18 | max - 


TCVos_ | Input Offset Voltage lve=svy tt Tl | uVv/’C 
Temperature Drit vey -+| 40 || —*s 
input Offset Voltage rvr=sv(Noies) | 33 | —*i| (| aNiMonth 
ia | Input Curent ——~—~S~dW= ev SSCSC*d~Ci S| SSSC*dCSSCSC~‘“*~*rCSC*éA 
- pA 


CMA | Common Mods OE a 
B a a 





LMC6762AI 












Typ 


Symbol Parameter Conditions (Note 5) Units 


PSRR | Power Supply Rejection Ratio +2.5V < Vg < +5V dB 
Ay Voltage Gain (By Design) F100] dB 


Vom Input Common-Mode ~—_. Vt = 5.0V V 










Voltage Range CMRR > 55 dB : : min 
V 

max 
Vt = 15.0V ; , V 

CMRR > 55 dB ; min 





Output Voltage High Vt = 5V 4.8 4.6 4.6 V 
Vt = 15V 14.8 14.6 14.6 V 
1 Mee Output Voltage Low V+ = 5V 0.2 0.4 0.4 —YV 
: V+ = 15V 0.2 0.4 0.4 V 
Is Supply Current For Both Comparators: - 12 20 20 yA 
isc | Short Circuit Current sourcing Sit Sd| SSC SSCSCSC*dYSCiA 


0 
Sinking, Vo = 12V 45 
(Note 7) : 
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AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V- = OV, Voy = Vo = V*/2. Boldface limits apply at 
the temperature extreme. 


Symbol Parameter Conditions y LMC6762Al | LMC6762BI | Units 
Limit Limit 





(Note 6) 


trise Rise Time f = 10 kHz, C, = 50 pF, 0.3 us 
Overdrive = 10 mV (Notes 9, 10) Lr ae 
teaLe Fall Time f = 10 kHz, C, = 50 pF, us 







































toot Propagation Delay | f = 10 kHz, | Overdrive=iomv | io | | sds 
(High to Low) C, = 50 pF Overdrive = 100 mV Us 

V+ = 2.7V, Overdrive = 10 mV 10 Us 

C, = 50 oF Overdrive = 100 mV Us 

teLH Propagation Delay | f = 10 kHz, SOEs Se ee eee Us 


(Low to High) C,. = 50 pF 
(Notes 9, 10) 
Vt = 2.7V, 


f = 10 kHz, 






C, = 50 pF Overdrive = 100 mV Us 
(Notes 9, 10) j 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the electrical characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax), ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (Tmax) — Ta)/Oya-All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 







Note 6: All limits are guaranteed by testing or statistical analysis. 
Note 7: Do not short circuit output to V*, when V* is greater than 12V or reliability will be adversely affected. 


Note 8: Input Offset Voltage Average Drift is calculated by dividing the accelerated operating life drift average by the equivalent operational time. The Input Offset 
Voltage Average Drift represents the input offset voltage change at worst-case input conditions. 


Note 9: C, includes the probe and jig capacitance. 
Note 10: The rise and fall times are measured with a 2V input step. The propagation delays are also measured with a 2V input step. 
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COL9OOINT 


LMC6772 


AY vationat Semiconductor 


LMC6772 


Dual Micropower Rail-To-Rail Input CMOS Comparator 


with Open Drain Output 


General Description 


The LMC6772 is an ultra low power dual comparator with a 
maximum 10 yA/comparator power supply current. It is de- 
signed to operate over a wide range of supply voltages, with 
a minimum supply voltage of 2.7V. 


The common mode voltage range of the LMC6772 exceeds 
both the positive and negative supply rails, a significant ad- 
vantage in single supply applications. The open drain output 
of the LMC6772 allows for wired-OR configurations. The 
open drain output also offers the advantage of allowing the 
output to be pulled to any voltage rail up to 15V, regardless 
of the supply voltage of the LMC6772. 

The LMC6772 is targeted for systems where low power con- 
sumption is the critical parameter. Guaranteed operation at 
supply voltages of 2.7V and rail-to-rail performance makes 
this comparator ideal for battery-powered applications. 
Refer to the LMC6762 datasheet for a push-pull output stage 
version of this device. 


Connection Diagram | 


Features 


(Typical unless otherwise noted) 

m™ Low power consumption (max): I, = 10 pA/comp 
m Wide range of supply voltages: 2.7V to 15V 

= Rail-to-Rail Inout Common Mode Voltage Range 

m Open drain output 

m Short circuit protection: 40 mA 

m Propagation delay (@V. = 5V, 100 mV overdrive): 5 us 
Applications 

Laptop computers 

Mobile phones 

Metering systems 

Hand-held electronics 

RC timers 

Alarm and monitoring circuits 

@ Window comparators, multivibrators 


8-Pin DIP/SO/MSOP 





DS012347-1 


Top View 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Differential Input Voltage 
Voltage at Input/Output Pin 


1.5 kV 
(V*)+0.3V to (V-)-0.3V 
(V*)+0.3V to (V-)-0.3V 


Supply Voltage (Vt—V~) 16V 
Current at Input Pin (Note 8) +5 mA 
Current at Output Pin (Notes 3, 7) +30 mA 
Current at Power Supply Pin, LMC6772 40 mA 
Lead Temperature (Soldering, 10 seconds) 260°C 


2.7V Electrical Characteristics 


Storage Temperature Range —65°C to +150°C 


Junction Temperature (Note 4) 150°C 
Operating Ratings (note 1) 
Supply Voltage ' 2.75 Vg < 15V 


Junction Temperature Range 
LMC6772Al, LMC6772BI 
Thermal Resistance (8,,) 

N Package, 8-Pin Molded DIP 

M Package, 8-Pin Surface Mount 


40°C <T, <+85°C 


100°C/W 
172°C/W 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V7 = OV, Voy = V*/2. Boldface limits apply at the 


temperature extremes. 









Symbol Parameter Conditions Typ LMC6772A! | LMC6772Bi Units 
(Note 5) Limit Limit 
Vos Input Offset Voltage 3 5 15 mV 
TCVos Input Offset Voltage 2.0 uv/'C 
frompenroom | Tf 
Input Offset Voltage (Note 10) 3.3 uV/Month 
mop fT | 
is | Input Curent. —S=SSSid|~SSSCSC~srSSTSSSCSC~*sSC“‘“‘SC'LOPA 
ios__| Input Oftset Curent ——Ss| ~=SSSSCSCSC*~“~*sYCCTSGSSSC*dSSC~*~‘“‘~*dCSC*éA 
CMAR | Common Mode Rejection Rao | ——=SsSSCSC~=~‘~dtSCé';~SCdTSCSC*~“‘~‘dSC‘“‘d(;™(S 
PSAR | Power Supply Rejection Ratio | #1.35V<V,<a7ev | 60 | | —~+idY 
Vom Input Common-Mode CMRR > 55 dB 3.0 2.9 2.9 V 
| -0.3 -0.2 -0.2 V 
Vou 


leakage 


Output Leakage Current 


Output Voltage Low lLoap = 2.5 MA 0.2 0.3 0.3 V 
Is Supply Current For Both Comparators 12 20 20 
ferent femme | |e | 
Vin(+) = 0.5V, 
Vin(-) = OV, Vo = 15V 


UA 
max 


7 


5.0V and 15.0V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V and 15.0V, V~ = OV, Vo, = V*/2. Boldface limits 


apply at the temperature extremes. 


Parameter Conditions Typ 
(Note 5) 


Input Offset Voltage 


Input Offset Voltage 
Temperature Drift 


Input Offset Voltage V* = 5V (Note 10) 
Average Drift Vt = 15V (Note 10) 
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LMC6772Al | LMC6772BI 


Limit 


uV/Month 
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CLLOOWN|I 


LMC6772 


5.0V and 15.0V Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V and 15.0V, V- = OV, Voy, = V*/2. Boldface limits 
apply at the temperature extremes. : ? o 


LMC6772BI 






LMC6772AI 
| Limit Limit 
(Note 6) (Note 6) | | 

6 as CO ie ee ae a 
los _| Input Offset Current _—s«[w=8v_—SSSCS~~CiSsYSSSC*dSCSCSC*~“‘“‘*rSC*#A 
OMIA | Common Mode Ve ee 
Rejection Ratio wey +i i] ~SSSC~*dYSC“‘S~*dr:C(‘* 
PSRR | Power SupPYy Rejection Ratio }225V<Ve<t5v =| 80 | || dB 
ee 7 SR WL A A 






Parameter 


‘Units 






Conditions 


Typ 
(Note 5) 























Vom Input Common-Mode = 5.0V 5. V 
Voltage Range CMRR > 55 dB min 

V 
max 

Vt = 15.0V 15.2 15.2 V 
CMRR > 55 dB 15.0 15.0 min 

—0.2 V 
max 

Vo. Output Voltage Low 






max 


= 15V 
Supply Current For Both Comparators 
Se 
Short Circuit Current = 15V, Sinking, Vo = 12V 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vom = Vo = V*/2. Boldface limits apply at 
the temperature extreme. 


Symbol Parameter Conditions Typ LMC6772Al LMC6772BI | Units 
| (Note 5) Limit Limit 


tise Rise Time f = 10 kHz, C, = 50 pF, 
| Overdrive = 10 mV (Note 9) 

teal Fall Time = 10 kHz, C, = 50 pF, 
wot Overdrive = 10 mV (Note 9) 


Propagation Delay f = 10 kHz, 
(High to Low) C, = 50 pF 
(Note 9) 
Vt = 2.7V, 
f = 10 kHz, 
C, = 50 pF 
(Note 9) 


© 
on 
Oo 


i | 
© oO 
ne) No 


55 0. max 
UA 
max 


mA 


r—) | 

= 9° & on 

ao > Ne) ho 
< 





(Note 6) (Note 6) 
J ee ee ees arene |e 


c 
” 













text 
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AC Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Vom = Vo = V*/2. Boldface limits apply at 
the temperature extreme. 
Limit 


Parameter Conditions Typ 
(Note 5) 
(Note 6) 


Propagation Delay | f = 10 kHz, a Oe 


(Low to High) C, = 50 pF 
(Note 9) 
V+ = 2.7V, 
f = 10 kHz, 
Cy = 50 pF 
(Note 9) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the electrical characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. The output pins of the two comparators (pin 1 and pin 7) have an ESD tolerance of 1.5 kV. All other pins 
have an ESD tolerance of 2 kV. 






LMC6772AIl 
Limit 


LMC6772BI 




























Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Ty(max), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax) 
— Ta)/8jq. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Do not short circuit output to V*, when V+ is > 12V or reliability will be adversely affected. 

Note 8: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 

Note 9: C, inilcudes the probe and jig capacitance. The rise time, fall time and propagation delays are measured with a 2V input step. 


Note 10: Input offset voltage Average Drift is calculated by dividing the accelerated operating life drift average by the equivalent operational time. The input offset 
voltage average drift represents the input offset voltage change at worst-case input conditions. 
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CLLOOW 


LMC7211 


AY vational Semiconductor 


LMC7211 
Tiny CMOS Comparator with Rail-to-Rail Input and 
Push-Pull Output | 


General Description | Features 


The LMC7211 is a micropower CMOS comparator available ™ Tiny SOT 23-5 package saves space 

in the space saving SOT23-5 package. This makes the com- _—™_~Package is less than 1.43 mm thick 

parator ideal for space and weight critical designs. The m Guaranteed specs at 2.7V, 5V, 15V supplies 
LMC 7211 is supplied in two offset voltage grades, 5mV and sm Typical supply current 7 pA at 5V. 


15 mV. | m Response time of 4 us at 5V 
The main benefits of the Tiny package are most apparent in| @ ~Pyush-pull output 

small portable electronic devices, such as mobile phones, 
pagers, notebook computers, personal digital assistants, 
and PCMCIA cards. The rail-to-rail input voltage makes the 
LMC7211 a good choice for sensor interfacing, such as light . ' 
detector circuits, optical and magnetic sensors, and alarm Applications 

and status circuits. Battery Powered Products 

The Tiny Comparator’s outside dimensions (length x width x Notebooks and PDAs 

height) of 3.05mm x 3.00mm x 1.43mm allow it to fit into tight PCMCIA cards 

spaces on PC boards. Mobile Communications 

See the LMC7221 for a comparator with an open-drain out- Alarm and Security circuits 

put. Direct Sensor Interface 

Replaces amplifiers used as comparators with better 
performance and lower current 


Input common-mode range beyond V- and V+ 
@ Low input current 


Connection Diagrams 


8-Pin SO-8 5-Pin SOT23-5 
1 5. 
Nc =! 8 Nc OUTPUT V 
2 ape 
INVERTING INPUT V yt 2 
a 5 6 ourpuT 
v- -4 3 nc NON-INVERTING 3 4 INVERTING 
INPUT INPUT 
DS012337-1 DS012337-2 
Top View Top View 
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Absolute Maximum Ratings (Note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Differential Input Voltage 
Voltage at Input/Output Pin 


2kV 
(Voc) +0.3V to (-Veg)-0.3V 
(Voc) + 0.3V to (-Veg)-0.3V 


Supply Voltage (V*-V-) 16V 
Current at Input Pin (Note 7) +5 mA 
Current at Output Pin 

(Notes 3, 8) +30 mA 
Current at Power Supply Pin 40 mA 
Lead Temperature 

(soldering, 10 sec) 260°C 


2./V Electrical Characteristics 


Storage Temperature Range -65°C to +150°C 
Junction Temperature 
(Note 4) 150°C 


Operating Ratings (Noite 1) 


Supply Voltage 


Junction Temperature Range 
LMC7211Al, LMC7211BI 


Thermal Resistance (6,,) 
SO-8 Package, 


2.7< Voc < 15V 


-40°C < T, <$ +85°C 


8-Pin Surface Mount 180°C/W 
MO5A Package, 
5-Pin Surface Mount 325°C/W 


Unless otherwise specified, all limits guaranteed for T,; = 25°C, V* = 2.7V, V- = OV, Vom = Vo = V+/2. Boldface limits apply 


at the temperature extremes. 








Typ LMC7211Al LMC7211BI 
Symbol Parameter (Note 5) Limit Limit Units 
Vos Input Offset Voltage ) 5 15 mV 
TCVos Input Offset Voltage 1.0 UVC 
Eile 
Input Offset Voltage (Note 10) 3.3 UV/Month 
io | InputCurent | —————S~d—~SCi | SSCdYSSSCSCS~*dCSCSCéA 
ios __| Input Offset Current | ———=—S~id~SCioeS| SCT SSSSSC*dCSCOA 
CMRR Common Mode OV < Vou < 2.7V 75 dB 
ee a ee ee 
PSRR Power Supply 2.7V < V*< 15V dB 
a a 
Ay | VotageGain «| SSSSSCSC~id~SCi‘CdTSCOCOCOCSC™C~sSC‘“‘(‘C;S(SNCC#*r’YCOUC(CS 
CMVR Input Common-Mode CMRR > 55 dB 3.0 2.9 2.9 V 
CMRR > 55 dB -0.3 -0.2 -0.2 V 
Vou Output Voltage High load = 2-5 MA 2.5 2.4 2.4 V 
Voi Output Voltage Low load = 2.5 MA 0.2 0.3 0.3 V 
Is Supply Current Vout = Low 7 12 12 yA 


5.0V and 15.0V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V and 15V, V~ = OV, Voy = Vo = V*/2. Boldface lim- 
its apply at the temperature extremes. 


Typ 
Parameter (Note 5) 
oe 


LMC7211Al 
Limit 
(Note 6) 


LMC7211Bl 
Limit 
(Note 6) 





Input Offset Voltage 
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LECZOW 


LMC7211 


5.0V and 15.0V Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 5.0V and 15V, V~ = OV, Vox, '='Vo = V*/2. Boldface lim: 
its apply at the temperature extremes. aa tock a oP ag ae ee 


| | Typ §| LMC7211AI | LMC7211BI | 
Symbol Parameter Conditions (Note 5) Limit Limit Units 
| (Note 6) (Note 6) al 











15.2 OY 


2 
0 
0 
V+ = 15.0V 15.2 
V+ = 15.0V -0.2 0.2 V 
6 
4 
8 


oO 
So 


5 
5 
0 
0 
4 


mV 


Output Voltage High ; 
4.45 4.45 min 


Vou 


TOVos | input Offset Votage | ve=sv «| to] SSCidSCC“‘S~#O#*SCOUAC 
ftir gilll | "1 cana Se Se SE SaaS | 
input Offset Votage | V=ev | 88 | dT SS*dYC Mth 
ee ee a ee | 
in| trputurent |S SSC~<‘~rCSC‘“iSCSTSSC*C*~“‘sLSCSC*C‘“‘;3SW#dL OPA 
los___| Input Offset Curent [| ——S~CSC~iSS| SCT SSSSC*dSSCié 
CMR | Common Mode ee 
Rejection Ration veztsov | | | +i 
PSRR Power Supply 5V<V*<10V 5 dB 
Rejection Ratio pee is 
Ay | NotageGain S| SSCS if Cwd:C‘é 
CMVR Input Common-Mode V+ = 5.0V 5.2 V 
Voltage Range CMRR > 55 dB eee min 
-0.2 -0.2 | V 


V+ = 15V 
load = 5 mA 


VoL Output Voltage Low V+ = 5V 
V+ = 15V 
ee 


Is Supply Current Vout = Low 


| 100 

V+ = 5V 
14.6 14.6 mV 
0.40 0.40 mV 
0.55 max 
0.40 0.40 mV 
0.55 | max 
14 UA 
18 max 


1 
3 
4 
7 
1 
5 
1 
4 
4 
0 
0 


AS 
o> 


1 
1 


V+ = 5.0V 
CMRR > 55 dB 


0. 
ee) 
0 
E 
82 
00 
a} 
0.3 
5.3 
0.3 
8 
4.8 
2 
2 
- 
30 
4 


icc | Show Orouit Curent | Sourng «tos SSSC*iSSCSC*~rSCSCiA 
__[ sinking (oie) as SSC*dSOSCSCSCSCS~ 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T,; = 25°C, Vt = 5V, V~ = OV, Voy = Vo = V*/2. Boldface limits apply at 
the temperature extreme. | | 


- LMC7211Al | LMC7211BI 
Parameter Limit. Limit 
(Note 6) 


Rise Time f=10kHz,Cl=50pF, 
Overdrive = 10 mV (Note 9). 

Fall Time f = 10 kHz, Cl = 50 pF, 
‘amas Overdrive = 10 mV (Note 9) 
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AC Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V~ = OV, Voy = Vo = V*/2. Boldface limits apply at 
the temperature extreme. 


LECZOWT 





Symbol Parameter Conditions Units 
toy Propagation Delay Us 
(High to Low) 
(Note 11) 
V+ = 2.7V, Us 
f = 10 kHz, 
Cl = 50 pF 
(Note 9) 
teLH Propagation Delay f = 10 kHz, Us 
(Low to High) Cl = 50p 
(Note 11) (Note 9) 
V+ = 2.7V, us 


f = 10 kHz, 
Cl = 50 pF 
(Note 9) 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device. is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax), 9ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (Tymax) — Ta)/8ya.All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage rating. 
Note 8: Do not short circuit output to V+, when V+ is greater than 12V or reliability will be adversely affected. 

Note 9: C, includes the probe and jig capacitance. 


Note 10: Input offset voltage average drift is calculated by dividing the accelerated operating life Vog drift by the equivalent operational time. This represents worst 
case input conditions and includes the first 30 days of drift. 


Note 11: Input step voltage for propagation delay measurement is 2V. 
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LMC7215/LMC7225 


LMC7215/LMC7225 


AY national Semiconductor 


Micro-Power, Rail-to-Rail CMOS Comparators with | 
Push-Pull/Open-Drain Outputs and TinyPak™ Package 


General Description 
The LMC7215/LMC7225 are ultra low power comparators 


| with a maximum of 1 UA power supply current. They are de- 


signed to operate over a wide range of supply voltages, from 
2V to 8V. 

The LMC7215/LMC7225 have a greater than rail-to-rail com- 
mon mode voltage range. This is a real advantage in single 
supply applications. 

The LMC7215 features a push-pull output stage. This fea- 
ture allows operation with absolute minimum amount of 
power consumption when driving any load. 

The LMC 7225 features an open drain output. By connecting 
an external resistor, the output of the comparator can be 
used as a level shifter to any desired voltage to as high as 
15V. . 
The LMC7215/LMC7225 are designed for systems where 
low power consumption is the critical parameter. 
Guaranteed operation over the full supply voltage range of 
2.7V to 5V and rail-to-rail performance makes this compara- 
tor ideal for battery-powered applications. 


Connection Diagrams 


8-Pin SO-8 
NC NC 
INVERTING v4 
INPUT 
Aen te OUTPUT 
V- NC 





DS012853-1 


Top View 
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Features 


(Typical unless otherwise noted) 

m™ Ultra low power consumption 0.7 pA 

m= Wide range of supply voltages 2V to 8V 

Input common-mode range beyond V+ and V- 

Open collector and push-pull output . 

High output current drive: (@ Vs = 5V) 45 mA 
Propagation delay (@ Vg = 5V, 10 mV overdrive) 25 us 
Tiny SOT23-5 package 

Latch-up resistance >300 mA 


Applications 
m™ Laptop computers 
Mobile phones 

m Metering systems 

m Hand-held electronics 
= RC timers 
|] 
| 


Alarm and monitoring circuits 
Window comparators, multivibrators 


5—Pin SOT23-5 
5 
OUTPUT ¥- 
2 
Vt 
NON-INVERTING _9 4 _ INVERTING 
INPUT INPUT 


DS012853-2 


Top View 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Differential Input Voltage 
Voltage at Input/Output Pin 


2 kV 
(Voc)+0.3V to (—Ve¢)-0.3V 
(Voc)+0.3V to (-Vg¢)-0.3V 


Supply Voltage (V*—V-) 10V 
Current at Input Pin +5 mA 
Current at Output Pin (Note 3) +30 mA 
Current at Power Supply Pin 40 mA 


Lead Temperature 


2./V to 5V Electrical Characteristics 


(soldering, 10 sec) 260°C 
Storage Temperature Range —65°C to +150°C 
Junction Temperature (Note 4) 150°C 
Operating Ratingsvnote 1) 

Supply Voltage 2V < Voc < 8V 


Junction Temperature Range 
LMC7215IM, LMC7225IM 

Thermal Resistance (8,,) 

M Package, 8-Pin Surface Mount 
SOT23-5 Package 


-40°C < T, < +85°C 


165°C/W 
325°C/W 


Unless otherwise specified, all limits guaranteed for T; = 25°C, V* = 2.7V to 5V, V- = OV, Voy = Vo = V+/2. Boldface limits 


apply at the temperature extremes. 










Typ LMC7215 LMC7225 
) ( ) 
Vos Input Offset Voltage 1 mV 
TCVos Input Offset Voltage 2 uVv/C 
Fee ieee 
ia | InputCurent. —*4|SSC~<CS*~—~SssSYSSC“‘ TT CdPSSCSC~“—~—SC‘<~<~;<iSA 
los | InputOftset Gurent | —SSSSC~—~—SCi‘aSSCidTSSSC~idSC‘;‘;*é*rSCA 
CMRR Common Mode (Note 7) dB 
PSRR Power Supply V* = 2.2V to 8V dB 
CMVR Input Common-Mode V+ =2.7V 3.0 2.9 2.9 V 
Vt = 2.7V -0.2 V 
CMRR > 50 dB ae tae! max 
Vt = 5.0V 5.3 5.2 5.2 V 
Vt = 5.0V -0.3 -0.2 —0.2 V 
Von Output Voltage High Vt = 2.2V 2.05 1.8 NA V 
Vt = 2.7V 2.05 2.3 NA V 
Vt = 5.0V 4.8 4.6 NA V 
VoL Output Voltage Low V* = 2.2V 0.17 0.4 0.4 V 
Vt = 2.7V 0.17 0.4 V 
Vt = 5.0V 0.2 0.4 0.4 V 
ise —-*| Output Short Gircut | V"=27V, Sourcing | 18 | «(| —NA*«|_—smA 
Current (Note 10) V"=5.0V, Sourcing | 50 | ———~+i| __NA~(| mA 
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LMC7215/LMC7225 


2.7V to 5V Electrical Characteristics (continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V to 5V, V- = OV, Vow = Vo = V+/2. Boldface limits 
apply at the temperature extremes. . = : 





Typ LMC7215 LMC7225 
(Note 5) Limit Limit Units 





Symbol Parameter Conditions 


(Note 6) (Note 6) 


Curent Note 1) | Wa SOV, Srkng | ao | ~—SSS~dYSSCSCSC~*dC 





nA 
max 





leasieaes Output Leakage Current | V* = 2.2V | 
Vint = 0.1V, Vin- = OV, 0.01 NA 
Vout = 15V : 


Is Supply Current | V+ = 5.0V 0.7 1 4 UA. 
Vint = 5V, Vin- = OV 1.2 1.2 max 


AC Electrical Characteristics 
Unless otherwise specified, T, = 25°C, V* = 5V, V~ = OV, Voy = V*/2 


LMC7215 LMC7225 
Symbol Parameter Conditions Typ Typ Units 
(Note 5) (Notes 5, 8) 


7” 122 is 
ti Overdrive = 10 mV (Note 8) 0.35 Us 
tox Propagation Delay (Notes 8, 9) 24 US 

12 
Vea 27V 17 is 
(Notes 8, 9) 








(High to Low) 





(Notes 8, 9) Overdrive = 10 mV 


| 1 
teLH Propagation Delay Us 
(Low to High) Overdrive = 100 mV 17 
Vt =2.7V Overdrive = 10 mV Us 





(Notes 8, 9) Overdrive = 100 mV 16 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. 

Note 4: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 

Pp = (T ymax) — Ta)/8ya- All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: Alli limits are guaranteed by testing or statistical analysis. 


Note 7: CMRR measured at Voy = OV to 2.5V and 2.5V to 5V when Vg = 5V, Voy = 0.2V to 1.35V and 1.35V to 2.7V when Vs = 2.7V. This eliminates units that 
have large Vog at the Vcr extremes and low or opposite Vog at Voy = Vs/2. 


Note 8: Ali measurements made at 10 kHz. A 100 kQ pull-up resistor was used when measuring the LMC7225. C; gap = 50 pF including the test jig and scope probe. 
The rise times of the LMC7225 are a function of the R-C time constant. 


Note 9: Input step voltage for the propagation measurements is 100 mV. 
Note 10: Do not short the output of the LMC7225 to voltages greater than 10V or damage may occur. 
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National Semiconductor 


LMC7221 


Tiny CMOS Comparator with Rail-To-Rail Input and Open 


Drain Output 


General Description 


The LM7221 is a micropower CMOS comparator available in 
the space saving SOT23-5 package. This makes this com- 
parator ideal for space and weight critical designs. The 
LMC7221 is also available in the SO-8 package. The 
LMC7221 is supplied in two offset voltage grades, 5 mV and 
15 mV. 

The open drain output can be pulled up with a resistor to a 
voltage which can be higher or lower than the supply 
voltage —this makes the part useful for mixed voltage sys- 
tems. 


For a tiny comparator with a push-pull output, please see the 
LMC7211 datasheet. 


Features 


m@ Tiny SOT 23-5 package saves space 
m Package is less than 1.43 mm thick 


Connection Diagrams 


8-Pin SO-8 
Nc — BNC 
INVERTING INPUT = Ly 
NON-INVERTING 3 6 
eur ; OUTPUT 
Vv" NC 
DS012346-1 
Top View 


Guaranteed specs at 2.7V, 5V, 15V supplies 


Typical supply current 7 yA at 5V 


Response time of 4 us at 5V 
LMC7221—open drain output 
Input common-mode range beyond V- and V+ 


Low input current 


Applications 
Mixed voitage battery powered products 
Notebooks and PDAs 
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PCMCIA cards 


Mobile communications 
Alarm and security circuits 
Driving low current LEDs 
Direct sensor interface 


5-Pin SOT23-5 


OUTPUT 


yr 


NON-INVERTING 
INPUT 


1 


OW 


Top View 


4 INVERTING 
INPUT 


DS012346-2 
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LMC7221 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Differential Input Voltage 
Voltage at Input — 


2kV 
(Voc) +0.3V to (-Voc)—-0.3V 
(Voc) + 0.3V to (-Voec)-0.3V 


Voltage at Output Pin 15V 
Supply Voltage (V*-V-) 16V 
Current at Input Pin 

(Note 7) +5 mA 
Current at Output Pin 

(Notes 3, 8) +30 mA 
Current at Power Supply Pin 40 mA 


Lead Temperature 


2.7V Electrical Characteristics © 


260°C 
~65°C to +150°C 


(soldering, 10 sec.) 
Storage Temperature Range 
Junction Temperature 

(Note 4) 150°C 


Operating Ratings (Note 1) 


Supply Voltage 

Junction Temperature Range 
LMC7221Al, LMC7221Bl 

Thermal Resistance (0,,) 
SO-8 Package, 


-40°C < T, < +85°C 


8-Pin Surface Mount 180°C/W 
MO5A Package, 
5-Pin Surface Mount 325° C/W 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V~ = OV, Voy = Vo = V+/2. Boldface limits apply 


at the temperature extremes 

















Typ LMC7221AlI LMC7221BI 
Symbol Parameter | Conditions (Note 5) Limit Limit Units 
Vos Input Offset Voltage 3 5 15 mV 
TCVos Input Offset Voltage 1.0 | uv/"C 
[rewenroon | | | 
Input Offset Voltage (Note 10) 3.3 uV/Month 
fo oe ee 
ia | InputCurrent | —————S~d—Sir|STSC*dYSCSCSC~*~dYSCSSCi 
ios | Input Offset Gurent [| ————~—S«dY~—SCioe | SSSSSC~dSC~C~dYSSCé 
CMRR Common Mode OV < Vom $ 2.7V 75 dB 
ea ee 
PSRR Power Supply 2.7V< Vis 15V dB 
A | VotageGan—~+| ——S~<—~™:SCSCiOOC*dT|:~SCSTSC~dYSC‘(;*;*;*é~*dCSC‘i 
CMVR ‘Input Common-Mode CMRR > 55 dB 3.0 2.9 2.9 V 
CMRR > 55 dB —0.3 —0.2 ~—0.2 V 
Voi Output Voltage Low ! load = 2-5 MA | 0.3 0.3 V 
Is Supply Current Vout = low 7 12 12 YA 
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5.0V and 15.0V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V and 15V, V~ = OV, Voy = Vo = V*/2. Boldface lim- 
its apply at the temperature extremes 


Vos Input Offset Voltage 





TCVos Input Offset Voltage V+ = 5V oe nee We 
So 
Input Offset Voltage fe =o 
o | | | 
ia | InputOurent «| SSSSC~*idCiéSSCdTSSC*~“‘“*rSC*C“‘NC*SC‘éA 
los | Input Offset Curent | ——=—=~=S~C~id~SCi|SSSC~*dS*~C~‘“‘*~*~*dCSC*éA 
oMRR | Common Mods Veesw | 7 | | +i 
ae ee ee er a8 
PSRR Power Supply 5V < Vt <10V dB 
A, | VotageGan | SSSSCSCSC~SC“‘iO!C*'LSOCOCOC~*~‘*SC“‘C;SWOCYOOB 


CMVR Input Common-Mode V+ = 5.0V S25 5.2 5.2 V 
Voltage Range CMRR > 55 dB Ct Tt a | min 

V+ = 5.0V -0.3 -0.2 -0.2 V 
V+ = 15.0V 15.3 15.2 15.2 V 
V+ = 15.0V -0.3 V 
Vo. Output Voltage Low V+ = 5V 0.2 0.40 0.40 mV 
V+ = 15V 0.2 0.40 0.40 mV 





Is Supply Current Vout = Low 7 14 14 UA 
18 18 max 


Isc Short Circuit Current Sinking (Note 8) i le See (eee mA 


Leakage Characteristics 
T, = 25°C 








LMC7221BI 
Limit 


LMC7221Al 
Limit 













Units 






V+ =2.7V 
Vin(+) = 0.5V 
Vin(-) = OV 
Vout = 15V 


Output Leakage 
Current 


LEAKAGE 
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LMC7221 


AC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = BV, v = OV, Vom = Vo = V*/2. Boldface limits apply at 
the temperature extreme 
Limit Limit 


Symbol Parameter Conditions 
tie Rise Time f = 10 kHz, C, = 50 pF, (Note 9) 0.3 Us 
Me [owatesionyenarme | | | 
tral Fall Time f = 10 kHz, C, = 50 pF, (Note 9) Us 
co ___oewnecinmsnirae | | | 
teu Propagation Delay f = 10 kHz, Us 
(High to Low) C, = 50 pF, 
(Note 11) 5 kQ Pullup 
(Note 9) 
V+ = 2.7V, 
f = 10 kHz, 
C, = 50 pF, 
5 kQ Pullup 
(Note 9) 
Propagation Delay f = 10 kHz, Ee eu Us 
(Low to High) C, = 50 pF, 
(Note 11) 5 kQ Pullup 
(Note 9) 
V+ = 2.7V, 
f = 10 kHz, 
C, = 50 pF, 
5 kQ Pullup 
(Note 9) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1.5 kQ in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is 
Note 5: Pp = (T ymax) — Ta)/8ya. All numbers apply for packages soldered directly into a PC board. 
Note 6: Typical values represent the most likely parametric norm. 


LMC7221Al | LMC7221BI 















Units 
























tp LH 









Us 






Note 7: All limits are guaranteed by testing or statistical analysis. 

Note 8: Limiting input pin current is only necessary for input voltages which exceed the absolute maximum input voltage rating. 
Note 9: Do not short circuit the output to V+ when V+ is greater than 12V or reliability will be adversely affected. 

Note 10: C, includes the probe and test jig capacitance. 


Note 11: Input offset voltage average drift is calculated by dividing the accelerated operating life Vos drift ow the equivalent operational time. This represents worst 
case input conditions and includes the first 30 days of drift. 


Note 12: Input step voltage for propagation delay measurement is 2V. 
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National Semiconductor 





LMV331 Single / LMV393 Dual / LMV339 Quad 
General Purpose, Low Voltage, TinyPak™ Comparators 


General Description Features 


The LMV393 and LMV339 are low voltage (2.7-5V) versions (For 5V Supply, Typical Unless Otherwise Noted) 

of the dual and quad comparators, LM393/339, which are 

specified at 5-30V. The LMV331 is the single version, which ™ Space Saving SC70-5 Package (2.0 x 2.1 x 1.0 
is available in space saving SC70-5 and SOT23-5 packages. mm) 

SC70-5 is approximately half the size of SOT23-5. Space Saving SOT23-5 Package (3.00 x 3.01 x 





Pend 6EEAWT/ 1eNG E6EAWT / A16uls LESAWT 


The LMV393 is available in 8-pin SOIC and 8-pin MSOP. The 1.43 mm) 

LMV339 is available in 14-pin SOIC and 14-pin TSSOP. m Guaranteed 2.7V and 5V Performance 

The LMV331/393/339 is the most cost-effective solution g@ Industrial Temperature Range -—40°C to +85°C 
where space, low voltage, low power and price are the pri- 

mary specification in circuit design for portable consumer scsi ca One n anne 
products. They offer specifications that meet or exceed the  ™@ Input Common Mode Voltage Range Includes Ground 
familiar LM393/339 at a fraction of the supply current. m Low Output Saturation Voltage 200 mV 


The chips are built with National’s advanced Submicron 
Silicon-Gate BICMOS process. The LMV331/393/339 have Applications 
bipolar input and output stages for improved noise perfor- 
mance. 


= Mobile Communications 

= Notebooks and PDA’s 

= Battery Powered Electronics 

= General Purpose Portable Device 

m= General Purpose Low Voltage Applications 


Typical Applications 


Squarewave Oscillator 





0 
f = 100 kHz 


Vo DS100080-24 





Ry = 100k 
O 


DS100080-8 





DS100080-17 


Positive Peak Detector 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 


Operating Ratingsinote 1) 


Supply Voltage 2.7V to 5.0V 


LMV331 Single / LMV393 Dual / LMV339 Quad 


Temperature Range 


LMV393, LMV339, 
LMV331 


Thermal Resistance (6,,) 


Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Human Body Model 


-40°C < T, < +85°C 


LMV331/ 393/ 339 800V M Package, 8-pin Surface 190°C/W 
Machine Model LMV331/339/393 120V Mount 
Differential Input Voltage + Supply Voltage M Package, 14-pin Surface 145°C/W 
Voltage on any pin 5.5V Mount 
(referred to V~ pin) MTC Package, 14-pin 155°C/W 
Soldering Information TSSOP 
Infrared or Convection (20 sec) 235°C MAA05 Package, 5-pin 478°C/W 
Storage Temp. Range -65°C to +150°C SC70-5 
Junction Temperature (Note 3) 150°C MOSA Package 5 -pin 265°C/W 
SOT23-5 
MM Package, 8-pin Mini 235°C/W 


Surface Mount 


2./V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 2.7V, V- = OV. Boldface limits apply at the temperature 
extremes. 








Symbol Parameter LMV331/ Units 
393/339 
Limit 
Vos Input Offset Voltage mV 
| max 
TCVos Input Offset Voltage , 
Average Drift BES 
lp Input Bias Current re 
los Input Offset Current nA max 
Vow | Input Voltage Range ana amnI (es) 
ee eens A 
Vear__| Saturation Votage | tin StmA——=—SSS«d 200] SSSC~dS 
lo Output Sink Current Vo < 1.5V = Sa ra mA min 
Is Supply Current LMV331 | 40 100 UA max 
LMV393 70 140 yA max 
Both Comparators . 
LMV339 140 200 A max 
All four Comparators 
Output Leakage Curent | SSSC*YSCOSSdESSC*dYC 


2./V AC Electrical Characteristics 
T, = 25°C, V+ = 2.7V, R, = 5.1 kQ, V- = OV. 


i BR a BI 
(Note 4) 
Propagation Delay (High to Low) 

aneenaM 6 o emeenee le 
Propagation Delay (Low to High) | InputOverdiive =10mv——~—~—~*dt=SC=«O 
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5V DC Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 5V, V- = OV. Boldface limits apply at the temperature 
extremes. 


Symbol Parameter Conditions 
(Note 4) 


TCVos Input Offset Voltage 
Average Drift 
a Dae 


LMV331/ Units 
393/339 


Limit 
(Note 5) 





mvV 
max 


uVv’r’C 


nA max 


nA max 





V 
V 
V/mV min 


Vom Input Voltage Range 


Ay Voltage Gain 


Vat Saturation Voltage Isink & 4 MA 


pend 6EeAWT/ leNG E6EAWT/ a16uls LEeAWT 


mV 
max 
mA 


lo Output Sink Current Vo $ 1.5V 


120 yA max 
150 


7 
9 
250 
400 
400 
700 
10 
LMV393 200 yA max 
Both Comparators 250 
LMV339 300 yA max 
All four Comparators 350 


Output Leakage Current We es op ee te al uA max 


5V AC Electrical Characteristics 
T, = 25°C, V+ = 5V, R, = 5.1 kQ, V- = OV. 


Parameter Conditions Typ 
(Note 4) 


Propagation Delay (High to Low Input Overdrive =10 mV | 600 
Input Overdrive =100 mV | 200 





Typ 
1.7 
25 

2 

200 
84 
170 


Propagation Delay (Low to High) Input Overdrive =10 mV 


200 
450 
Input Overdrive =100 mV 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical characteristics. 


Note 2: : Human body model, 1.5kQ in series with 100 pF. Machine model, 200Q in series with 100 pF. 


Note 3: The maximum power dissipation is a function of T ymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (Ty(max) 
- Ta)/Oya. All numbers apply for packages soldered directly into a PC board. 





Note 4: Typical Values represent the most likely parametric norm. 
Note 5: All limits are guaranteed by testing or statistical analysis. 
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_LMV7219 





LMV7219 


National Semiconductor 


7 nsec, 2.7V to 5V Comparator with Rail-to Rail Output 


General Description 
The LMV7219 is a low-power, high-speed comparator with 


| internal hysteresis. The LMV7219 operating voltage ranges 


from 2.7V to 5V with push/pull rail-to-rail output. This device 
achieves a 7ns propagation delay while consuming only 
1.1mMA of supply current at 5V. 

The LMV7219 inputs have a common mode voltage range 
that extends 200mvV below ground, allowing ground sensing. 
The internal hysteresis ensures clean output transitions even 
with slow-moving inputs signals. 

The LMV7219 is available in the SC70-5 and SOT23-5 pack- 
ages, which are ideal for systems where small size and low 
power are Critical. 


Typical Application 


100k 


2200 





Features 
(Vs = 5V, T, = 25°C, Typical values unless specified) 
m Propagation delay 7ns 
= Low supply current 1.14mA 
m Input common mode voltage range extends 200mv . 
below ground 
Ideal for 2.7V and 5V single supply applications 
Internal hysteresis ensures clean switching 
Fast rise and fall time 
Available in space-saving packages: 

5-pin SC70-5 

SOT23-5 


1.3ns 


Applications 

m Portable and battery-powered systems 
m Scanners 

m Set top boxes 

m High speed differential line receiver 

= Window comparators 

m Zero-crossing detectors 

m High-speed sampling circuits 


Crystal 


Vout 


T 0:1 uF 
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Connection Diagram 


6LCZAW1 


$C70-5/SOT23-5 


Inverting 
Input 


Non-Inverting 
Input 





DS101054-2 


Top View 


Ordering Information 


Package Part Number | Marking Supplied as NSC Drawing 
| LMV7219M7 1k Units Tape and Reel 
5-pin SC70-5 MAAO5A 
LMV7219M7X 3k Units Tape and Reel 
LMV7219M5 C14A 1k Units Tape and Reel 
5-pin SOT23-5 - MAO05B 
LMV7219M5X C14A 3k Units Tape and Reel 


Simplified Schematic 





Vt 


R3 R4 
@ 
Q3 Q4 Q5 
t ) 
a ieee 
INN Qt Q2 INP 
OUT 
ool 
a 7 M3 
= Bp | 


V 


) 
() 


) 


DS101054-3 
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LMV7219 


Absolute Maximum Ratings (x 


lf Military/Aerospace specified devices are 
please contact the National Semiconductor Sal 
Distributors for availability and specifications. 
ESD Tolerance (Note 2) 
Machine Body 
Human Model Body 
Differential Input Voltage 


+ Supply Voltage 


ote 1) 


required, 
es Office/ 


Voltage at Input/Output pins 
Current at Input Pin (Note 9) 


Operating Ratings 


Supply voltages (V* - V7) 
Junction temperature range 
(Note 4) 


Storage Temperature Range 


Output Short Circuit Duration (Note 3) Package Thermal Resistance 
Supply Voltage (V* - V7) 5.5V SC70-5 

Soldering Information SOT23-5 

_ Infrared or Convection (20 sec) 235°C 


Wave Soldering (10 sec) 


260°C (lead temp) 


2.7V to 5V 
-—40°C to +85°C 


~65'C to +150°C 


478°C/W 
265°C/W 


2.7V Electrical Characteristics 


_ Unless otherwise specified, all limits guaranteed for Ty = 25°C, Vow = V*/2, V* = 2.7V, V" = OV, C, = 10pF and R,_ > 1MQ to 
~V~. Boldface limits apply at the temperature extremes. 








(Note 5) (Note 6) 
max 
2000 max 
los Input Offset Current ed 200 nA 
400 max 
CMRR | Common Mode Rejection Ratio OV < Voy < 1.50V 62 dB 
| 55 min 
55 . min 
Vom Input Common-Voltage Range CMRR > 50dB Les Voc -1.2 V 
Voc -1.3 min 
0 max 
Vip = 500mV Vec -0.4 V 
I, = 0.4mA, Voc —0.02 Voc —0.05 min 
Vip = 500mV Vec -0.15 
Output Swing Low IL = —4mA, 130 200 
Vip = —500mV 300 mV 
IL = -0.4mA, 50 max 
Vip = -500mV 150 
Isc Output Short Circuit Current Sourcing, a ae 
Vo 7 OV (Note 3) a 
Newtvewey | | 
Vo = 2.7V (Note 3) 
2.2 max 
Viver | InputHysteresis Volage ——=«di (Note 10)—SSSSC~sSC“C‘i‘SSSC*dTSSSSC*dYS 
max 
min 
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2./V Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Voy = V*/2, V* = 2.7V, VU = OV, C, = 10pF and R, > 1MQ to 


V-. Boldface limits apply at the temperature extremes. 


tpp Propagation Delay Overdrive = 5mV 

Vom = OV (Note 7) 
Overdrive = 15mV 
Vom = OV (Note 7) 
Overdrive = 50mV 
Vom = OV (Note 7) 


| tsxkew Propagation Delay Skew (Note 8) 
t, Output Rise Time 10% to 90% 


t; Output Fall Time 90% to 10% 


p Limit 
(Note 5) (Note 6) 


— 
aa < 





NO 
o1 


— — 
NO 
(on) 


5V Electrical Characteristics 


Units 


Ns 
max 


ns 
ns 
ns 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Voy = V*/2, Vt = 5V, V~ = OV, C, = 10pF and R, > 1MQ to 


V-. Boldface limits apply at the temperature extremes. 


Symbol Parameter Conditions Limit 
(Note 5) (Note 6) 

Vos Input Offset Voltage 

lp Input Bias Current 

los Input Offset Current 

CMRR Common Mode Rejection Ratio OV < Vom < 3.8V 


PSRR Power Supply Rejection Ratio V* = 2.7V to 5V 


= 
= 
TG 


- 


500 950 
2000 
200 
400 
65 
55 
65 
55 
eae Vege 
Vin a3 


oi 
lo) 


© 
o1 


Vom Input Common-Mode Voltage Range | CMRR > 50dB 


Oo 
o1 


i | N os — & 
—_, 
oO 
(o>) 





| 
o° 
as 


Vo Output Swing High IL = 4mA, Voc -0.13 Voc —0.2 
Vip = 500mV Voc -0.3 
I, = 0.4mA, Voc —0.02 Voc —0.05 
Vip = 500mV Veco —0.15 








Output Swing Low IL = —4mA, 
Vip = -500mV 280 
IL = -0.4mA, 0 50 
Vip = —500mV 150 
Isc Output Short Circuit Current Sourcing, Vo = OV 30 
(Note 3) 20 
Sinking, Vo = 5V 65 30 
(Note 3) 20 


Is Supply Current No load 


Vuyst Input Hysteresis Voltage (Note 10) 


Voript Input Referred Positive Trip Point (See figure 1) 
Vitip- Input Referred Negative Trip Point (See figure 1) 


No — 
& © 
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Units 


mV 
max 
nA 
max 
nA 
max 
dB 
min 
dB 
min 
V 
min 
V 
max 


min 


mV 
max 


mA 
min 


mA 
max 
mV 
mV 
max 


mV 
min 
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LMV7219 


5V Electrical Characteristics (Continued) 


Unless otherwise specified, all limits guaranteed for T, = 25°C, Voy, = V*/2, V* = 5V, V~ = OV, C, = 10pF and R, > 1MQ to 
V-. Boldface limits apply at the temperature extremes. . . 


Symbol Parameter Typ Limit Units 
(Note 5) (Note 6) 


tpp Propagation Delay Overdrive = 5mV 
Vom = OV (Note 7) 


Overdrive = 15mV 20 ns 
Vom = OV (Note 7) max 
Overdrive = 50mV ré 

Vom = OV (Note 7) 





tskew Propagation Delay Skew (Note 8) ns 
t, Output Rise Time 10% to 90% ns 
t Output Fall Time 90% to 10% ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in- 
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical characteristics. 


Note 2: Human body model, 1.5kQ in series with 100pF. Machine model, 200Q in series with 100pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax), 8ya, aNd Ta. The maximum allowable power dissipation at any ambient temperature is 
Pp = (TJmax) ~ Ta)/®ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Propagation delay measurements made with 100mV steps. Overdrive is measure relative to V-yip. 

Note 8: Propagation Delay Skew is defined as absolute vaiue of the difference between tpp_y and tppy. 

Note 9: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 


Note 10: The LMV7219 comparator has internal hysteresis. The trip points are the input voltage needed to change the output state in each direction. The offset volt- 
age is defined as the average of Virip+ and Viip-, while the hysteresis voltage is the difference of these two. 
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National Semiconductor 





LP339 
Ultra-Low Power Quad Comparator 


General Description = Single supply operation 


@ Sensing at ground 
= Compatible with CMOS logic family 
m@ Pin-out identical to LM339 


The LP339 consists of four independent voltage compara- 
tors designed specifically to operate from a single power 
supply and draw typically 60 yA of power supply drain cur- 
rent over a wide range of power supply voltages. Operation 


from split supplies is also possible and the ultra-low power Features 
supply drain current is independent of the power supply volt- = _=Ujtra-low power supply current drain 
age. These comparators also feature a common-mode (60 pA) — independent of the supply voltage 
range which includes ground, even when operated from a (75 pW/comparator at +5 Vp-) 
single supply. = Low input biasing current: 3nA 
Applications include limit © comparators, simple —_m Low input offset current: +0.5 nA 
analog-to-digital converters, pulse, square and time delay | ow input offset voltage: +2 mV 
generators; VCO’s; multivibrators; high voltage logic gates. ‘ ; 
The LP339 was specifically designed to interface with the i las a ‘e ss Se lanié 
CMOS logic family. The ultra-low supply current makes the 2 poe gf Peni vel 4 g! 
LP339 valuable in battery powered applications. = High output sink current capability (0 mA at Vo=2 Voc) 
# Supply Input protected against reverse voltages 
Advantages 
m Ultra-low power supply drain suitable for battery 
applications 


Schematic and Connection Diagrams 


OUTPUT 3 OUTPUT 4 GND = INPUT 4+ INPUT 4— INPUT3+ INPUT 3— 
10 9 8 





~ INPUT 


1 5 
OUTPUT 2 OUTPUT1 Vt = INPUT 1— INPUT 1+ INPUT 2— INPUT 2+ 


TOP VIEW 
DS005226-2 


Order Number LP339M for S.0O. Package 
See NS Package Number M14A 
Order Number LP339N for Dual-In-Line Package 
See NS Package Number N14A 





DS005226-1 


Typical Applications (v-= 5.0 v,,) 


Basic Comparator Driving CMOS 


yr 


+Yiw 30k 


+ VReF 





DS005226-3 


DS005226-4 
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LP339 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 


Differential Input Voltage 


Input Voltage 


Power Dissipation (Note 2) 


Molded DIP 


Output Short Circuit to GND (Note 3) 
Input Current V,.y<—0.3 Vic (Note 4) 


+36 Vic 
-0.3 Vig to 36 Voc 


570 mW 


Operating Temperature Range 
Storage Temperature Range 
Soldering information: 


0°C to +70°C 
-65° to +150°C 


Dual-In-Line Package (10 sec.) +260°C 
S.O. Package: 
Vapor Phase (60 sec.) +215°C 
Infrared (15 sec.) ~ 4220°C 


See AN-450 “Surface Mounting Methods and Their Effect on 
Product Reliability” for other methods of soldering surface 
mount devices. 


Continuous 
50 mA 


Electrical Characteristics 


(V+=5 Vpc) (Note 5) 








Parameter [SSC oitions ———SSSSSS*d;Cin | Typ (| Max | ‘Unit 
input Offset Voltage PTeaeOWoeI)SSC™~—C~sS~SSSC*d;C(a =| eV 
Input Bias Current lin(+) or Iiny(—) with the 2.5 25 nApc 
[Ginainte iarrang, Tesconiey | | | 
input Offset Current Pints) Tax25 SS SSSC*dCSSC*d;CO |B | A 
Input Common T,=25'C (Note 7) V+-1.5 Voc 
Supply Current R, =Infinite on all Comparators, T,=25°C | [60 100 UApco 
Voltage Gain Vo = 1 Vpc tO 11 Voc, V/imvV 
R,=15 kQ, Vt=15 Voc, Ta=25°C nia 
Large Signal Vin=TTL Logic Swing, Vaer=1-4 Voc, 1.3 uSec 
Response Time | Var=5 Voc, R_=5.1 kQ, Ta=25°C ie 
Response Time PVau=5 Voc R.=5.1 KO, T4=25°0 Noles) ——S«d|~SS*d=S | SCC 
Output Sink Current coi Voc: Vin(+)=0, Vo=2 Voc; 15 30 MApc 
Output Leakage Current are Voc: Vin(-)=0, Vo=5 Voc, Ta=25°C ae te) be nNApc 
input Offset Voltage PiNotet) TS S—~—CSsSTSC*dCSSC*d Cog 
input Offset Current SS a BS 
input Bias Current Plin(#) oF in) with Outputin Linear Range «| —*i| 4 ‘| 40 _| Apa 
Input Common Single Supply V+-2.0 Voc 
Output Sink Current VintI=t Veo: Vn)=0,Vo=2Vec_——SSSCS~=~—C=CiaSS*dS—=i Ci 
Output Leakage Current Vin Gat Voc: V(j20 Vo=30 Voc PT 1.0 | Abe 
Differential Input Voltage All Vinrs20 Vpc (or V~ on split supplies) (Note 9) a a Voc 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func- 
tional, but do not guarantee specific performance limits. 


Note 2: For elevated temperature operation, T; max is 125°C for the LP339. 6, (junction to ambient) is 175°C/W for the LP339N and 120°C/W for the LP339M when 
either device is soldered in a printed circuit board in a still air environment. The low bias dissipation and the “ON-OFF” characteristic a the outputs keeps the chip 
dissipation very small (Pp < 100 mW), provided the output transistors are allowed to saturate. 


Note 3: Short circuits from the output to V* can cause excessive heating and eventual destruction. The maximum output current is approximately 50 mA. 


Note 4: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran- 
sistors becoming forward biased and thereby acting as input clamp diodes. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 
IC chip. This transistor action can cause the output voltage of the comparators to go to the V+ voltage level (or to ground for a large input overdrive) for the time du- 
ration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which is negative, again returns to a 
value greater than -0.3 Voc (Ta=25°C). 


Note 5: These specifications apply for V*=5Vpc and 0°C<T,<70" C, unless otherwise stated. The temperature extremes are guaranteed but not 100% production 
tested. These parameters are not used to calculate outgoing AQL. 


Note 6: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output, so 
no loading change exists on the reference or the input lines as long as the common-mode range is not exceeded. 


Note 7: The input common-mode voltage or either input voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode volt- 
age range is V*-1.5V (T,a=25°C), but either or both inputs can go to 30 Vpc without damage. 


Note 8: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive snes 1.3 us can be obtained. See Typical Performance 
Characteristics section. 


www.national.com 5-66 


Electrical Characteristics (Continued) 


Note 9: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the compara- 
tor will provide a proper output state. The low input voltage state must not be less than —0.3 Vpc (or 0.3 Vpc below the magnitude of the negative power supply, if 
used) at Ta=25°C. 


Note 10: At output switch point, Vo=1.4V, Rg=0Q with V* from 5 Vpc; and over the full input common-mode range (0 Vpc to V*~1.5 Voc). 


6EEdT 


Note 11: For input signals that exceed V*, only the overdriven comparator is affected. With a 5V supply, Vy should be limited to 25V maximum, and a limiting resistor 
should be used on all inputs that might exceed the positive supply. 

Note 12: The output sink current is a function of the output voltage. The LP339 has a bi-modal output section which allows it to sink large currents via a Darlington 
connection at output voltages greater than approximately 1.5 Vpc and sink lower currents below this point. (See typical characteristics section and applications sec- 
tion). 
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Section 6 
Converters - A/D, D/A, and Data 
Acquisition Systems 
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A/D Converter Definition Of Terms 


National Semiconductor 


A/D Converter 
Definition Of Terms 


ANALOG INPUT BANDWIDTH is a measure of the fre- 
quency at which the reconstructed output fundamental drops 
3 dB below its low frequency value for a full scale input. The 
test is performed with f,, equal to 100 kHz plus integer mul- 
tiples of fo.x.. The input frequency at which the output is -3 
dB relative to the low frequency input signal is the full power 
bandwidth. | 

APERTURE JITTER is the variation in aperture delay from 
sample to sample. Aperture jittei shows up as input noise. 
APERTURE DELAY See Sampling Delay. 

BOTTOM OFFSET is the difference between the input volt- 
age that just causes the output code to transition to the first 
code and the negative reference voltage. Bottom Offset is 
defined as Eog = Vz7—-Vap, where Vz- is the first code tran- 


— sition input voltage and Vaz is the lower reference voltage. 


Note that this is different from the normal Zero Scale Error. 
CONVERSION LATENCY See PIPELINE DELAY. 


' CONVERSION TIME is the time required for a complete 


measurement by an analog-to-digital converter. Since the 


| Conversion Time does not include acquisition time, multi- 


plexer set up time, or other elements of a compiete conver- 
sion cycle, the conversion time may be less than the 
Throughput Time. 


DC COMMON-MODE ERROR is a specification which ap- 
plies to ADCs with differential inputs. It is the change in the 
output code that occurs when the analog voltages on the two 
inputs are changed by an equal amount. It is usually ex- 
pressed in LSBs. 


DIFFERENTIAL GAIN ERROR is the percentage difference 
between the output amplitudes of a given amplitude small 
signal, high frequency sine wave input at two different dc in- 
put levels. 


DIFFERENTIAL NON-LINEARITY (DNL) is the measure of 
the maximum deviation from the ideal step size of 1 LSB. 
DNL is commonly measured at the rated clock frequency 
with a ramp input. 

DIFFERENTIAL PHASE ERROR is the difference in the out- 
put phase of a reconstructed small signal sine wave at two 
different dc input levels. 


DYNAMIC SPECIFICATIONS of an ADC are those pertain- 
ing to an AC input signal. These include S/N ratio, SNR, SI- 
NAD, S/(N+D), ENOB, THD, iMD, FPBW, and SSBW. 


EFFECTIVE NUMBER OF BITS (ENOB, or EFFECTIVE 
BITS) is another method of specifying Signal-to-Noise and 
Distortion Ratio, or SINAD. ENOB is defined as (SINAD - 
1.76)/6.02 and says that the converter is equivalent to a per- 
fect ADC of this (ENOB) number of bits. 


FULL POWER BANDWIDTH is the frequency at which the 
reconstructed output fundamental drops 3 dB below its low 
frequency value for a full scale input. The test is performed 
with fi, equal to 100 kHz plus integer multiples of fo... The 
input frequency at which the output is —3 dB relative to the 
low frequency input signal is the full power bandwidth. 
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FULL SCALE (FS) INPUT RANGE of the ADC is the input 
range of voltages over which the ADC will digitize that input. 
For Veert = 3.5V and VreF- = 1.5V, FS = (Vrert) _ (Vrer-) 
= 2.0V. 

FULL SCALE ERROR is a measure of how far the last code 
transition is from the ideal 1% LSB below Varer+ and is de- 
fined as: 


Nee + 1.5 LSB = Veert 


where V,,4, is the voltage at which the transition to the max 
code occurs. 


FULL SCALE STEP RESPONSE is defined as the time re- 
quired after V;,, goes from Va_r- tO Vaert, OF Vagrt tO Vrer-, 
and settles sufficiently for the converter to recover and make 
a conversion with its rated accuracy. 


GAIN ERROR (FULL SCALE ERROR) is the difference be- 
tween the input voltage just causing a transition to positive 
full scale and Veer - 1.5 LSB. 


GAIN TEMPERATURE COEFFICIENT (FULL SCALE TEM- 
PERATURE COEFFICIENT) is the change in gain error di- 
vided by change in temperature. Usually expressed in parts 
per million per degree Celsius (ppm/"C). 


INTEGRAL NON-LINEARITY (INL) is a measure of the de- 
viation of each individual code from a line drawn from zero 
scale or negative full scale (2 LSB below the first code tran- 
sition) through positive full scale (2 LSB above the last code 
transition). The deviation of any given code from this straight 
line is measured from the center of that code value. The end 
point test method is used. INL is commonly measured at 
rated clock frequency with a ramp input. 
INTERMODULATION DISTORTION (IMD) is the creation of 
additional spectral components as a result of two sinusoidal 
frequencies being applied to the ADC input at the same time. 
It is defined as the ratio of the power in the intermodulation 
products to the total power in the original frequencies. IMD is 
usually expressed in dB. 

MISSING CODES are those output codes that are skipped 
or will never appear at the ADC outputs. These codes cannot 
be reached by any input value. 

MSB (MOST SIGNIFICANT BIT) is the bit that has the larg- 
est value or weight. Its value is on half of full scale. 
OFFSET ERROR is the difference between the ideal LSB 
transition to the actual transition point. 

OUTPUT DELAY is the time delay after the edge of the input 
clock before the data update is present at the output pins. 
OUTPUT HOLD TIME is the length of time that the output 
data is valid after the edge of the input clock. 
OVERRANGE RECOVERY TIME is the time required after 
Vin goes from AGND to Vpee+ or Vins goes from Vy, tO Veer 
for the converter to recover and make a conversion with its 
rated accuracy. 

PIPELINE DELAY (LATENCY) is the number of clock cycles 
between initiation of conversion and when that data is pre- 
sented to the output driver stage. Data for any given sample 
is available the Pipeline Delay plus the Output Delay after 


that sample is taken. New data is available at every clock 
cycle, but the data lags the conversion by the Pipeline Delay 
plus the Output Delay. 


PSRR (POWER SUPPLY REJECTION RATIO) is the ratio 
of the change in dc power supply voltage to the resulting 
change in Full Scale Error, expressed in dB. 


QUANTIZATION ERROR is the error inherent in all A/D con- 
versions. Since even an ‘ideal’ converter has finite resolu- 
tion, any analog voltage that falls beween two adjacent out- 
put codes will result in an output code that is inaccurate by 
up to % LSB. 


RATIOMETRIC OPERATION uses the same reference volt- 
age that is used for the ADC to drive the signal source such 
that the ratio of the output of that signal source to the refer- 
ence is a constant. When the driving voltage for that source 
is also used as the voltage reference for the ADC, the ADC 
output code is a function of the ratio of the signal source out- 
put to the reference voltage and, for a limited reference volt- 
age range, is independent of the value of that reference volt- 
age. 

RESOLUTION is the smallest analog increment correspond- 
ing to a 1 LSB converter code change. For converters, reso- 
lution is normally expressed in bits, where the number of 
digital codes is equal to 2". As an example, a 12-bit con- 
verter maps the analog signal into 21? = 4096 digital codes. 


SAMPLING (APERTURE) DELAY is the time after the edge 
of the clock to when the input signal is acquired or held for 
conversion. 


SIGNAL TO NOISE RATIO (SNR) is the ratio, expressed in 
dB, of the rms value of the input signal at the output to the 
rms value of the sum of all other spectral components below 
one-half the sampling frequency, not including harmonics or 
de. 


SIGNAL TO NOISE PLUS DISTORTION (S/(N+D) or 
SINAD) is the ratio, expressed in dB, of the rms value of the 
input signal at the output to the rms value of all of the other 
spectral components below half the clock frequency, includ- 
ing harmonics but excluding dc. 
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SPURIOUS FREE DYNAMIC RANGE (SFDR) is the differ- 
ence, expressed in dB, between the rms values of the input 
signal at the output and the peak spurious signal. where a 
spurious signal is any signal present in the output spectrum 
that is not present at the input. 


STATIC SPECIFICATIONS are the specifications of an ADC 
pertaining to a DC signal input. These include gain error, off- 
set error, and differential and integral linearity errors. 


THROUGHPUT RATE is the maximun continuous conver- 
sion rate of the ADC. 


THROUGHPUT TIME is the inverse of the Throughput Rate. 


TOP OFFSET is the difference between the positive refer- 
ence voltage and the input voltage that just causes the out- 
put code to transition to full scale and is defined as Eg; = 
Ver — Vrert where V--+ is the full scale transition input volt- 
age. Note that this is different from the normal Full Scale Er- 
ror. 


TOTAL HARMONIC DISTORTION (THD) is the ratio, ex- 
pressed in dB or dBc, of the rms total of the first six harmonic 
components to the RMS value of the input signal at the out- 
put. 


TOTAL UNADJUSTED ERROR (TUE) is the maximum de- 
viation of the voltage corresponding to the center of a digital 
code’s associated input voltage span from the ideal case. To- 
tal unadjusted error includes offset error, Gain error, and dif- 
ferential and integral nonlinearity errors. 


ZERO SCALE OFFSET ERROR is the difference between 
the ideal input voltage (72 LSB) and the actual input voltage 
that just causes a transition from an output code of zero to 
an output code of one. 

ZERO ERROR is the difference between the ideal input volt- 
age (2 LSB) and the actual input voltage that just causes a 
transition from an output code of zero to an output code of 
one. 
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_ D/A Converters 
Definition Of Terms 


Differential Nonlinearity: Ideally, any two adjacent digital 
codes correspond to output analog voltages that are exactly 
one LSB apart. Differential non-linearity is a measure of the 
worst case deviation from the ideal 1 LSB step. For example, 
a DAC with a 1.5 LSB output change for a 1 LSB digital code 


change exhibits Ye LSB differential non-linearity. Differential — 


non-linearity may be expressed in fractional bits or as a per- 
centage of full scale. A differential non-linearity greater than 
1 LSB will lead to a non-monotonic transfer function in a 
DAC. 


Gain Error (Full Scale Error): The difference between the 
output voltage (or current) with full scale input code and the 
ideal voltage (or current) that should exist with a full scale in- 
put code. — 


Gain Temperature Coefficient (Full Scale Temperature 
Coefficient): Change in gain error divided by change in tem- 
perature. Usually expressed in parts per million per degree 
Celsius (ppm/"C). . 


Integral Nonlinearity (Linearity Error): Worst case devia- 
tion from the line between the endpoints (zero and full scale). 
Can be expressed as a percentage of full scale or in fraction 
of an LSB. a 

LSB (Lease-Significant Bit): In a binary coded system this 
is the bit that carries the smallest value or weight. Its value is 
the full scale voltage (or current) divided by 2", where n is the 
resolution of the converter. 


Monotonicity: A monotonic function has a slope whose sign 
does not change. A monotonic DAC has an output that 
changes in the same direction (or remains constant) for each 
increase in the input code. the converse is true for decreas- 
ing codes. 
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MSB (Most Significant Bit): In a binary coded system this is 
the bit that has the largest value or weight. Its value is one 
half of full scale. 

Multiplying DAC: In a sense, every DAC is a multiplying 
DAC since the output voltage (or current) is equal to the ref- 
erence voltage times a constant determined by the digital in- 
put code divided by 2” (n is the number of bits of resolution). 
In a two quadrant multiplying DAC the reference voltage or 
the digital input code can change the output voltage polarity. 
If both the reference voltage and the digital code change the 
output voltage polarity, four quadrant multiplication exists. 


Offset Error (Zero Error): The output voltage that exists 
when the input digital code is set to give an ideal output of 
zero volts. All the digital codes in the transfer curve are offset 
by the same value. Offset error is usually expressed in LSBs. 


Power supply Rejection (Power Supply Sensitivity): The 
sensitivity of a converter to changes in the dc power supply 
voltages. 

Resolution: the smallest analog increment corresponding to 
a 1 LSB converter code change. For converters, resolution is 
normally expressed in bits, where the number of analog lev- 
els is equal to 2”. | 
Settling Time: The time from a change in input code until a 
DAC’s output signal remains within + LSB (or some other 
specified tolerance) of the final value. 
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 
8-Bit uP Compatible A/D Converters 


General Description ™ Differential analog voltage inputs 


The ADCo0801, ADCO802, ADCO803, ADCO804 and ™ Lovie Inputs and outputs meet both MOS and TTL 
; need voltage level specifications 

ADC0805 are CMOS 8-bit successive approximation A/D = Works with 2.5V (LM336) voltage reference 

converters that use a_ differential potentiometric ; g 

ladder — similar to the 256R products. These converters are On-chip clock generator 

designed to allow operation with the NSC800 and INS8080A OV to 5V analog input voltage range with single 5V 

derivative control bus with TRI-STATE output latches directly supply 

driving the data bus. These A/Ds appear like memory loca- No zero adjust required 

tions or I/O ports to the microprocessor and no interfacing 0.3" standard width 20-pin DIP package 

logic is needed. 20-pin molded chip carrier or small outline package 

Differential analog voltage inputs allow increasing the Operates ratiometrically or with 5 Voc, 2.5 Voc, or 

common-mode rejection and offsetting the analog zero input analog span adjusted voltage reference 

voltage value. In addition, the voltage reference input can be 


adjusted to allow encoding any smaller analog voltage span Key Specification Ss 
to the full 8 bits of resolution. 





aegis 
G080D0V/PO80DGV/E080D0V/2Z08000V/L08000V 


m Resolution 8 bits 
m= Total error +¥% LSB, +¥2 LSB and +1 LSB 
Features m= Conversion time 100 us 
m Compatible with 8080 uP derivatives— no interfacing 
logic needed - access time - 135 ns 
™ Easy interface to all microprocessors, or operates “stand 
alone” 
Connection Diagram 
ADC080X 


Dual-In-Line and Small Outline (SO) Packages 


1 
2 CLKR 
3 DBO (LSB) 
4 DBI 
5 DB2 
6 DB3 
7 DB4 
8 DB5 
9 DB6 
DB7 (MSB) 





DS00567 1-30 


See Ordering Information 


Ordering Information 


TEMP RANGE 0°C TO 70°C 0°C TO 70°C -40°C TO +85°C 


+ Bit Adjusted ADC0801LCN 
ERROR +. Bit Unadjusted ADC0802LCWM ADC0802LCN 

+ Bit Adjusted ADC0803LCN 

+1Bit Unadjusted ADCO0804LCWM ADCO0804LCN ADCO805LCN/ADC0804LCJ 


PACKAGE OUTLINE M20B— Small N20A— Molded DIP 
Outline 
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 


Typical Applications 








ANY 
uPROCESSOR 





NSC800, 
8080, 
z80, 
8048, 
ETC. 





DS005671-31 


Error Specification (Includes Full-Scale, 


Part Full- 
Number Scale 
Adjusted 


Zero Error, and Non-Linearity) 
Vrer/2=2.500 Voc Vrer/2=No Connection 
(No Adjustments) (No Adjustments) 


ee ee 
Best 
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TRANSDUCER 


8-BIT RESOLUTION 
OVER ANY DESIRED 
ANALOG INPUT 
VOLTAGE RANGE 
SEE SECTION 2.4.1 


DS005671-1 
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ADC08031/ADC08032/ADC08034/ADC08038 

8-Bit High-Speed Serial I/O A/D Converters with 
Multiplexer Options, Voltage Reference, and Track/Hold 
Function 


General Description = Test systems 


= Embedded di ti 
The ADC08031/ADC08032/ADC08034/ADC08038 are 8-bit ener een See 
successive approximation A/D converters with serial I/O and 
configurable input multiplexers with up to 8 channels. The Features 
serial 1/O is configured to comply with the NSC MICROW- _ ® Serial digital data link requires few I/O pins 
IRE™ serial data exchange standard for easy interface to the =m Analog input track/nold function 
COPS™ family of controllers, and can easily interface with m 2-, 4-, or 8-channel input multiplexer options with 


8E08000V/PrE080DdV/cE08000V/lLE08000V 





standard shift registers or microprocessors. address logic 
The ADC08034 and ADC08038 provide a 2.6V band-gap de- = ™ OV to 5V analog input range with single 5V power 
rived reference. For devices offering guaranteed voltage ref- supply 


erence performance over temperature see ADC08131, 
ADC08134 and ADC08138. 


A track/hold function allows the analog voltage at the positive 
input to vary during the actual A/D conversion. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or 


pseudo-differential modes. In addition, input voltage spans Key Specifications 
as small as 1V can be accommodated. 


No zero or full scale adjustment required 
TTL/CMOS input/output compatible 

On chip 2.6V band-gap reference 

0.3" standard width 8-, 14-, or 20-pin DIP package 
14-, 20-pin small-outline packages 


m™ Resolution: 8 bits 
Applications m™ Conversion time (f. = 1 MHz): 8ps (max) 
m Power dissipation: 20mW (max) 
m Single supply: 5Vpc (+5%) 
m Total unadjusted error: +%LSB and +1LSB 
m™ No missing codes over temperature 


m Digitizing automotive sensors 

m Process control monitoring 

m Remote sensing in noisy environments 
m= instrumentation 


Ordering Information 











Industrial (-40°C < T, < +85°C) 
ADC08031 CIN’ NO8E 
ADC08038CIN* 


ADC08031CIWM, 
ADC08032CIWM, 
ADC08034CIWM 


ADC08038CIWM M20B 


*Not recomended for new designs. 
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ADC08031/ADC08032/ADC08034/ADC08038 


Connection Diagrams 


ADC08038 


1 
2 
3 
4 
se) 
6 
7 
8 
9 


Oo 
> 
@ 
z 
o 





DS010555-2 


ADC08031 
Dual-iIn-Line Package 
_ ay, 
csS—41 8F—-Vec 
Vin 42 7 CLK 
Vin “19 6 FDO 
GND =| 4 5 Veer IN 
DS010555-5 
ADC08031 


Small Outline Package 


cs 

NC 

Vin (+) 
NC 

Vin (-) 
NC 
GND 





DS010555-31 
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ADC08034 





DS010555-3 


ADC08032 | 
Small Outline Package 


CHO 


GND 
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ADC08061/ADC08062 


500 ns A/D Converter with S/H Function and Input 


Multiplexer 


General Description 


Using a patented multi-step A/D conversion technique, the 
8-bit ADC08061 and ADCO8062 CMOS ADCs offer 500 ns 
(typ) conversion time, internal sample-and-hold (S/H), and 
dissipate only 125 mW of power. The ADCO8062 has a 
two-channel multiplexer. The ADC08061/2 family performs 
an 8-bit conversion using a 2-bit voltage estimator that gen- 
erates the 2 MSBs and two low-resolution (3-bit) flashes that 
generate the 6 LSBs. 


Input track-and-hold circuitry eliminates the need for an ex- 
ternal sample-and-hold. The ADC08061/2 family performs 
accurate conversions of full-scale input signals that have a 
frequency range of DC to 300 kHz (full-power bandwidth) 
without need of an external S/H. 


The digital interface has been designed to ease connection 
to microprocessors and allows the parts to be I/O or memory 
mapped. 


Block Diagram 


Key Specifications 


= Resolution 8 bits 
m Conversion Time 560 ns max (WR-RD Mode) 
= Full Power Bandwidth 300 kHz 
m Throughput rate 1.5 MHz 
= Power Dissipation 100 mW max 


m= Total Unadjusted Error +e LSB and +1 LSB 


Features 

@ 1 or 2 input channels 

m No external clock required 

m@ Analog input voltage range from GND to Vt 

@ Overflow output available for cascading (ADC08061) 

® ADC08061 pin-compatible with the industry standard 
ADC0820 


Applications 

= Mobile telecommunications 

@ Hard disk drives 

= Instrumentation 

@ High-speed data acquisition systems 
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ADC08061/ADC08062 


Connection Diagrams 
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Dual-in-Line and Wide-Body 
Small-Outline 
Packages N20A or M20B 





DS011086-14 


Dual-in-Line and Wide-Body 
Small-Outline 
Packages N20A or M20B 


Ordering Information 


Industrial (-40°C < T, < 85°C) 
ADC08061BIN, ADCO8062BIN | N20A__ 
ADC08061CIWM, ADCO8062CIWM M20B 











Pin Description 
Vins 
Vini-8 


These are analog inputs. The input range is 
GND-50 mV < Vineur < V* + 50 mV. The 
ADC08061 has a single input (Vij) and the 
ADCO8062 has a_ two-channel multiplexer 
(Vint—2)- | 
TRI-STATE data outputs—bit 0 (LSB) through 
bit 7 (MSB). 

WR-RD Mode (Logic high applied to MODE pin) 
WR: With CS low, the conversion is started on 
the falling edge of WR. The digital result will be 
strobed into the output latch at the end of con- 
version (see Figures 2, 3, 4). 


RD Mode (Logic low applied to MODE pin) 


RDY: This is an open drain output (no internal 
pull-up device). RDY will go low after the falling 
edge of CS and return high at the end of conver- 
sion. a 
Mode: Mode (RD or WR-RD) selection 
input— This pin is pulled to a logic low through 
an internal 50 yA current sink when left uncon- 
nected. 

RD Mode is selected if the MODE pin is left un- 
connected or externally forced low. A complete 
conversion is accomplished by pulling RD low 
until output data appears. 


WR-RD Mode is selected when a high is applied 
to the MODE pin. A conversion starts with the 
WR signal’s rising edge and then using RD to 
access the data. 

RD WR-RD Mode (logic high on the MODE pin) 
This is the active low Read input. With a logic 
low applied to the CS pin, the TRI-STATE data 
outputs (DBO—DB7) will be activated when RD 
goes low (Figures 2, 3, 4). 

RD Mode (logic low on the MODE pin) 


DBO-—DB7 


WR /RDY 


MODE 
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GND 


VREF- 
REF+ 


NC 


With CS low, a conversion starts on the falling 
edge of RD. Output data appears on DBO—DB7 
at the end of conversion(see Figures 1, 5). 


This is an active low output that indicates that a 
conversion is complete and the data is in the 
output latch. INT is reset by the rising edge of 
RD. 


This is the power supply ground pin. The ground 
pin should be connected to a “clean” ground ref- 
erence point. 


These are the reference voltage inputs. They 
may be placed at any voltage between GND — 
50 mV and V* + 50 mV, but Veer, must be 
greater than Vper_. Ideally, an input voltage 
equal to Varr_ produces an output code of 0, 
and an input voltage greater than Vper, — 1.5 
LSB produces an output code of 255. 


For the ADC08062, an input voltage on any un- 
selected input that exceeds V* by more than 
100 mV or is below GND by more than 100 mV 
will create errors in a selected channel that is 
operating within proper operating conditions. 
This is the active low Chip Select input. A logic 
low signal applied to this input pin enables the 
RD and WR inputs. Internally, the CS signal is 
ORed with RD and WR signals. 


Overflow Output. If the analog input is higher 
than Vrer, — /2 LSB, OFL will be low at the end 
of conversion. It can be used when cascading 
two ADC08061s to achieve higher resolution (9 
bits). This output is always active and does not 
go into TRI-STATE as DBO—DB7 do. When OFL 
is set, all data outputs remain high when the 
ADC08061’s output data is read. 


No connection. 


Pin Description (Continued) 


AO This logic input is used to select one of the 
ADC08062’s input multiplexer channels. A chan- 
nel is selected as shown in the table below. 


ADC08062 Channel 
oj en 
1 Vine 


V* Positive power supply voltage input. Nominal operating 
supply voltage is +5V. The supply pin should be by- 
passed with a 10 uF bead tantalum in parallel with a 0.1 


ceramic capacitor. Lead length should be as short as 
possible. 
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ADC0808/ADC0809 


AY national Semiconductor 


ADC0808/ADC0809 
8-Bit uP Compatible A/D Converters with 8-Channel 
Multiplexer 


General Description Features 


The ADC0808, ADC0809 data acquisition component is a ™ Easy interface to all microprocessors 
monolithic CMOS device with an 8-bit analog-to-digital con- = Operates ratiometrically or with 5 Voc or analog span 
verter, 8-channel multiplexer and microprocessor compatible adjusted voltage reference 
control logic. The 8-bit A/D converter uses successive ap- No zero or full-scale adjust required 
proximation as the conversion technique. The converter fea- 8-channel multiplexer with address logic 
tures a high impedance chopper stabilized comparator, a OV to 5V input range with single 5V power supply 
256R voltage divider with analog switch tree and a SuCcCes- Outputs meet TTL voltage level specifications 
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. Standard hermetic oF molded 28-pin DIP package 
a 28-pin molded chip carrier package 
The device eliminates the need for external zero and ; 
full-scale adjustments. Easy interfacing to microprocessors ADC0808 equivalent to MM74C949 
is provided by the latched and decoded multiplexer address ADC0809 equivalent to MM74C949-1 
inputs and latched TTL TRI-STATE® outputs. 


The design of the ADC0808, ADC0809 has been optimiza Key Specifications 


by incorporating the most desirable aspects of several A/D  m™ Resolution 8 Bits 
conversion techniques. The ADC0808, ADC0809 offers high =m Total Unadjusted Error + LSB and +1 LSB 
speed, high accuracy, minimal temperature dependence, ex- = Single Supply 5 Voc 
cellent long-term accuracy and repeatability, and consumes —g_ | pw Power 15 mW 
minimal power. These features make this device ideally mw Conversion Time 4100 us 
suited to applications from process and machine control to H 
consumer and automotive applications. For 16-channel mul- 
tiplexer with common output (sample/hold port) see 
ADC0816 data sheet. (See AN-247 for more information.) 
Block Diagram 
START CLOCK 
Lith ce | 


| ENO OF CONVERSION 


« q 
. | CONTROL & TIMING m= Y (INTERRUPT) 
| 
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8 ANALOG INPUTS a eoane 
C SWITCHES 
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; | R Q 
| e 
° | 
. | 
| e 


8-BIT OUTPUTS 
SWITCH TREE 
3-BIT ADORESS 4 © 
ADDRESS 


LATCH i 


ADDRESS AND 
LATCH ENABLE DECODER | 
| 256R RESISTOR LADDER 







BUFFER 








Vcc GND REF(+) REF(-) OUTPUT 
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DS005672-1 


See Ordering 
information 
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Connection Diagrams 


Molded Chip Carrier Package 
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CLOCK 


IN7 


START 
EOC 
275 


OUTPUT ENABLE 


DS005672-12 


Order Number ADCO808CCV or ADCO809CCV 
See NS Package V28A 





DS005672-11 


Order Number ADCO808CCN or ADCO809CCN 
See NS Package J28A or N28A 


Ordering Information 


Error ADcoaGaCc) | ADCOaDEC 
[1 LSB Unadjusted | ADCOBOSCEN | ADCoBDBCCY. 
Package Outline J28A Ceramic DIP | J28A Ceramic DIP 
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ADC08100 


NV National Semiconductor 


8-Bit, 100 MSPS, 1.3 SS A/D Converter 


General Description 


The ADC08100 is a low-power, 8-bit, monolithic analog-to- 
digital converter with an on-chip track-and-hold circuit. Opti- 
mized for low cost, low power, small size and ease of use, 
this product operates at conversion rates of 20 MSPS to 125 
MSPS with outstanding dynamic performance over its full 
operating range while consuming just 1.8 mW per MHz of 
clock frequency. That’s just 130 mW of power at 100 MSPS. 
Raising the PD pin puts the ADC08100 into a Power Down 
mode where it consumes just 1 mW. 


The unique architecture achieves 7.4 Effective Bits with 
40 MHz input frequency. The excellent DC and AC charac- 
teristics of this device, together with its low power consump- 
tion and single +3V supply operation, make it ideally suited 
for many imaging and communications applications, includ- 
ing use in portable equipment. Furthermore, the ADC08100 
is resistant to latch-up and the outputs are short-circuit proof. 
The top and bottom of the ADC08100’s reference ladder are 
available for connections, enabling a wide range of input 
possibilities. The digital outputs are TTL/CMOS compatible 
with a separate output power supply pin to support interfac- 
ing with 3V or 2.5V logic. The digital inputs (CLK and PD) are 
TTL/CMOS compatible. 


The ADC08100 is offered in a 24-lead plastic package 
(TSSOP) and is specified over the industrial temperature 
range of -40°C to +85°C. 


Pin Configuration 


1 

2 
3 
4 
5 
6 
‘ 
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Features 

m Single-ended input 

m Internal sample-and-hold function 
m= Low voltage (single +3V) operation 
m Small package 

m= Power-down feature 


Key Specifications 


m= Resolution 8 bits 
m= Maximum sampling frequency 100 MSPS (min) 
m DNL . 0.4 LSB (typ) 
= ENOB 7.4 bits (typ) at fy = 41 MHz 
= THD —60 dB (typ) 
m™ Guaranteed no missing codes 

m Power consumption 


— Operating: 1.3 MW/MSPS (typ) | 
— Power down: 1 mW (typ) 
Applications 


m Flat panel displays 

m™ Projection systems 

Set-top boxes 
Battery-powered instruments 
Communications 

Medical scan converters 
X-ray imaging 

High speed viterbi decoders 
Astronomy 


24 FJ CLK 
23 J Pp 

22 (71 bo 
211 

20 (5) 02 

D3 
DRVp 
17 [J DR GND 
16 [J D4 

15 [1 bs 

14 [2] D6 
13107 


DS101371-1 


6-20 


Ordering Information 


ADC08100CIMTC TSSOP 
ADC08100CIMTCX TSSOP (tape and reel) 


Block Diagram 


0018000V 


DR Vp 
Va (pin 18) 


COARSE/FINE faa 
COMPARATORS CORRECTION 
OUTPUT 
SWITCHES DRIVERS 





DATA 
OUT 
COARSE/FINE pees 
COMPARATORS CORRECTION 
CLK Vin eae e pin 17 
(pin 17) 
DS101371-2 


Description 


Analog signal input. Conversion range is Vas to Ver. 


Analog Input that is the high (top) side of the reference 
ladder of the ADC. Nominal range is 1.0V to 2.3V. 
Voltage on Vaz and Vag inputs define the Vij 
conversion range. Bypass well. See Section 2.0 for 
more information. 

Mid-point of the reference ladder. This pin should be 
bypassed to a clean, quiet point in the analog ground 
plane with a 0.1 uF capacitor. 


Analog Input that is the low side (bottom) of the 
reference ladder of the ADC. Nominal range is 0.0V to 
(Var — 1.0V). Voltage on Vaz and Vaz inputs define the 
Vin Conversion range. Bypass well. See Section 2.0 for 
more information. 





6-21 www.national.com 


ADC08100 


Pin Descriptions and Equivalent Circuits (Continued) 


Pin No. Symbol Equivalent Circuit Description 


Power Down input. When this pin is high, the converter 


23 is in the Power Down mode and the data output pins 
hold the last conversion result. 
oA CLK CMOS/TTL compatible digital clock Input. Vj, is 


sampled on the falling edge of CLK input. 


13 thru 16 
. and DO—-D7 
19 thru 22 


Conversion data digital Output pins. DO is the LSB, D7 
is the MSB. Valid data is output just after the rising 
edge of the CLK input. 





Reference ground for the single-ended analog input, 
Vin: 


Positive analog supply pin. Connect to a clean, quiet 
voltage source of +3V. V, should be bypassed with a 
0.1 uF ceramic chip capacitor for each pin, plus one 
10 uF capacitor. See Section 3.0 for more information. 
ae 
ies 


Vin GND 


1, 4, 12 


Power supply for the output drivers. If connected to Vz, 
decouple well from Va. 


The ground return for the output driver supply. 
The ground return for the analog supply. 


18 DRV, 


17 DR GND 
2,5, 8, 11 AGND 


N 


www.national.com 6-22 


AY national Semiconductor 


ADC08131/ADC08134/ADC08138 

8-Bit High-Speed Serial I/O A/D Converters with 
Multiplexer Options, Voltage Reference, and Track/Hold 
Function 


General Description Applications 


The ADC08131/ADC08134/ADC08138 are 8-bit successive  ™ Digitizing automotive sensors 
approximation A/D converters with serial 1/O and config- | ™ Process control/monitoring 
urable input multiplexers with up to 8 channels. The serial Remote sensing in noisy environments 


I/O is configured to comply with the NSC MICROWIRE™ se- = Embedded diagnostics 6 


8EL80D0V/rEL8000V/LEL8OOdV 


rial data exchange standard for easy interface to the 
COPS™ family of controllers, and can easily interface with 
standard shift registers or microprocessors. Features 


All three devices provide a 2.5V band-gap derived reference 
with guaranteed performance over temperature. 


Atrack/hold function allows the analog voltage at the positive 
input to vary during the actual A/D conversion. 


The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or 
pseudo-differential modes. In addition, input voltage spans 
as small as 1V can be accommodated. 


= Serial digital data link requires few I/O pins 

® Analog input track/hold function 

m 4- or 8-channel input multiplexer options with address 
logic 

™ On-chip 2.5V band-gap reference (+2% over 
temperature guaranteed) 

m= No zero or full scale adjustment required 

= TTL/CMOS input/output compatible 

@ OV to 5V analog input range with single 5V power 
supply 


Key Specifications 


= Resolution 8 Bits 
@ Conversion time (f¢ = 1 MHz) 8 ys (Max) 
m Power dissipation 20 mW (Max) 


m Single supply 
= Total unadjusted error 


m Linearity Error (Vacr = 2.5V) 
= No missing codes (over temperature) 


™ On-board Reference 


Industrial Package 
(-40°C < T, < +85°C) 


ADC08131CIWM M14B 
ADC08134CIWM M14B 
ADC08138CIWM M20B 


Ordering Information 
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+% LSB and +1 LSB | 


+14 LSB 


+2.5V +1.5% (Max) 
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Connection Diagrams 
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ADC08138CIWM 
Small Outline 
Packages 
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DS010749-2 


ADC08134CIWM 
Small Outline 
Packages 





DS010749-3 


ADC08131CIWM 
Small Outline Package 





DS010749-4 
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National Semiconductor 


ADC0816/ADC0817 


8-Bit uP Compatible A/D Converters 


with 16-Channel Multiplexer 


General Description 


The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 16-channel multiplexer and microprocessor compat- 
ible control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 16-channel multiplexer can 
directly access any one of 16-single-ended analog signals, 
and provides the logic for additional channel expansion. Sig- 
nal conditioning of any analog input signal is eased by direct 
access to the multiplexer output, and to the input of the 8-bit 
A/D converter. 


The device eliminates the need for external zero and 
full-scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 


The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0816, ADC0817 offers high 
speed, high accuracy, minimal temperature dependence, ex- 
cellent long-term accuracy and repeatability, and consumes 
minimal power. These features make this device ideally 
suited to applications from process and machine control to 
consumer and automotive applications. For similar perfor- 
mance in an 8-channel, 28-pin, 8-bit A/D converter, see the 
ADC0808, ADC0809 data sheet. (See AN-258 for more in- 
formation.) 


Block Diagram 
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Features 


m Easy interface to all microprocessors 

m™ Operates ratiometrically or with 5 Voc or analog span 
adjusted voltage reference 

m 16-channel multiplexer with latched control logic 

= Outputs meet TTL voltage level specifications 

m OV to 5V analog input voltage range with single 5V 
supply 

m No zero or full-scale adjust required 

@ Standard hermetic or molded 40-pin DIP package 

m™ Temperature range —40°C to +85°C or —55°C to +125°C 

m Latched TRI-STATE output 

m Direct access to “comparator in’ and “multiplexer out” for 

signal conditioning 

ADC0816 equivalent to MM74C948 

m ADC0817 equivalent to MM74C948-1 


Key Specifications 


m Resolution 8 Bits 
m Total Unadjusted Error +'% LSB and +1 LSB 
m Single Supply 5 Voc 
m Low Power 15 mw 
m Conversion Time 100 us 


START CLOCK 


6 END OF CONVERSION 
(INTERRUPT) 


TRU. 
STATE ° 
OUTPUT mu 8-BIT OUTPUTS 
LATCH 
BUFFER 
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ADC0816/ADC0817 


Connection Diagram 


Dual-In-Line Package 


IN3 IN2 

IN4 1N1 

IN5 INO 
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TOP VIEW 
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Order Number ADC0816CCN or ADC0817CCN 
See NS Package Number N40A 


Ordering Information 


a 
al eee oe ee ee: 
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ADC08161 


National Semiconductor 


500 ns A/D Converter with S/H Function and 


2.5V Bandgap Reference 


General Description 


Using a patented multi-step A/D conversion technique, the 
8-bit ADC08161 CMOS A/D converter offers 500 ns conver- 
sion time, internal sample-and-hold (S/H), a 2.5V bandgap 
reference, and dissipates only 100 mW of power. The 
ADC08161 performs an 8-bit conversion with a 2-bit voltage 
estimator that generates the 2 MSBs and two low-resolution 
(3-bit) flashes that generate the 6 LBSs. 

Input signals are tracked and held by the input sampling cir- 
cuitry, eliminating the need for an external sample-and-hold. 
The ADC08161 can perform accurate conversions of 
full-scale input signals at frequencies from DC to typically 
more than 300 kHz (full power bandwidth) without the need 
of an external sample-and-hold (S/H). 

For ease of interface to microprocessors, this part has been 
designed to appear as a memory location or I/O port without 
the need for external interfacing logic. 


Block Diagram 


VREF+ 
VREF- 


Vin 


VREFOUT 
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Key Specifications 


= Resolution 8 Bits 
= Conversion time (tcony) 560 ns max (WR-RD Mode) 
@ Full power bandwidth 300 kHz (typ) 
m™ Throughput rate 1.5 MHz min 
m Power dissipation 100 mW max 
= Total unadjusted error +1 LSB and +1 LSB max 
Features 


m™ No external clock required 
m@ Analog input voltage range from GND to V* 
m 2.5V bandgap reference 


Applications 

= Mobile telecommunications 

@ Hard-disk drives 

# Instrumentation 

m™ High-speed data acquisition systems 


OFL 
DB7 (MSB) 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO (LSB) 


DS011149-1 
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Connection Diagram 
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See NS Package Number M20B 


Ordering Information 


Industrial (-40°C < T, < 85°C) 
ADC08161CIWM M20B 


Pin Description 


Vin 
DBO-DB7 


WR /RDY 


MODE ~ 
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This is the analog input. The input range is 
GND-50 mV < Vineut < V* + 50 mV. 


TRI-STATE data outputs—bit 0 (LSB) 
through bit 7 (MSB). 

WR-RD Mode (Logic high applied to 
MODE pin) 

WR: With CS low, the conversion is 
started on the rising edge of WR. The digi- 
tal result will be strobed into the output 
latch at the end of conversion (Figures 2, 
3, 4). 

RD Mode (Logic low applied to MODE 
pin) 

RDY: This is an open drain output (no in- 
ternal pull-up device). RDY will go low af- 
ter the falling edge of CS and returns high 
at the end of conversion. 


Mode: Mode (RD or WR-RD ) selection 
input— This pin is pulled to a logic low 
through an internal 50 pA current sink 
when left unconnected. 


RD Mode is selected if the MODE pin is 
left unconnected or externally forced low. 
Acomplete conversion is accomplished by 
pulling RD low until output data appears. 


WR-RD Mode is selected when a high is 
applied to the MODE pin. A conversion 
starts with the WR signal's rising edge and 
then using RD to access the data. 
WR-RD Mode (logic high on the MODE 
pin) 

This is the active low Read input. With a 
logic low applied to the CS pin, the 
TRI-STATE data outputs (DBO-DB7) will 
be activated when RD goes low (Figures 
2, 3, 4). 
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GND 


Vrer— VRer+ 


O 
a 
- 


VREFOUT 


RD Mode (logic low on the MODE pin) 
With CS low, a | conversion starts on the 
falling edge of RD. Output data appears 
on DBO—DB7 at the end of conversion 
(Figures 1, 5). 


~ This is an active low output that indicates 


that a conversion is complete and the data 
is in the output latch. INT is reset by the 
rising edge of RD. 

This is the power supply ground pin. The 
ground pin should be connected to a 
“clean” ground reference point. 


These are the reference voltage inputs. 
They may be placed at any voltage be- 
tween GND — 50 mV and V* + 50 mV, but 
Vrers. Must be greater than Vpe-_. Ideally, 
an input voltage equal to Vaer_ produces 
an output code of 0, and an input voltage 
greater than Vrer, — 1.5 LSB produces an 


, output code of 255. 


For the ADC08161 an input voltage that 
exceeds V* by more than 100 mV or is be- 
low GND by more than 100 mV will create 
conversion errors. 


This is the active low Chip Select input. A 
logic low signal applied to this input pin en- 
ables the RD and WR inputs. Internally, 
the CS signal is ORed with RD and WR 
signals. 


Overflow Output. If the analog input is 
higher than Varr., OFL will be low at the 
end of conversion. It can be used when 
cascading two ADC08161s to achieve 
higher resolution (9 bits). This output is al- 
ways active and does not go _ into 
TRI-STATE as DBO-DB7 do. When OFL 
is set, all data outputs remain high when 
the ADC08061’s output data is read. 


Positive power supply voltage input. Nomi- 
nal operating supply voltage is +5V. The 
supply pin should be bypassed with a 
10 UF bead tantalum in parallel with a 0.1 
ceramic capacitor. Lead length should be 
as short as possible. 


The internal bandgap reference’s 2.5V 


output is available on this pin. Use a 
220 uF bypass capacitor between this pin 
and analog ground. 





ADC0820 


National Semiconductor 


8-Bit High Speed pP Compatible A/D Converter with 


Track/Hold Function 


General Description 


By using a half-flash conversion technique, the 8-bit 
ADC0820 CMOS A/D offers a 1.5 us conversion time and 
dissipates only 75 mW of power. The half-flash technique 
consists of 32 comparators, a most significant 4-bit ADC and 
a least significant 4-bit ADC. 

The input to the ADC0820 is tracked and held by the input 
sampling circuitry eliminating the need for an external 
sample-and-hold for signals moving at less than 100 mV/us. 
For ease of interface to microprocessors, the ADC0820 has 
been designed to appear as a memory location or 1/O port 
without the need for external interfacing logic. 


Key Specifications 


m Resolution 8 Bits 
2.5 us Max (RD Mode) 
1.5 us Max (WR-RD Mode) 


m@ Conversion Time 


m Low Power 75 mW Max 
m@ Total Unadjusted 
Error +1 LSB and + 1 LSB 


Connection and Functional Diagrams 


Dual-In-Line, Small Outline . 
and SSOP Packages 


1 

2 
3 
4 
5 
6 
7 
8 
9 
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Top View 
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Features 


Built-in track-and-hold function 


No missing codes 
No external clocking 


Single supply—5 Voc 
Easy interface to all microprocessors, or operates 


stand-alone 


Latched TRI-STATE® output 
Logic inputs and outputs meet both MOS and T?L 


voltage level specifications 


Operates ratiometrically or with any reference value 
equal to or less than Voc 
OV to 5V analog input voltage range with single 5V 


supply 


No zero or full-scale adjust required 

Overflow output available for cascading 
0.3" standard width 20-pin DIP 
20-pin molded chip carrier package 


20-pin small outline package 


20-pin shrink small outline package (SSOP) 


Molded Chip Carrier 
Package 


DB7 
DB6 
DB5 


2 
Pea 
> 


DB4 
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ADC0820 


Connection and Functional Diagrams (continued) 



















Vrer( +) OFL 
4-BIT 
FLASH 

ANC 


(4 MSBs) 


VIN 


OUTPUT 
LATCH 
AND 
TRI-STATE 
BUFFERS 








4-BIT 

FLASH 
ADC 

(4 LSBs) 


TIMING AND CONTROL CIRCUITRY 


MODE WR/RDY ts 


Veer( —) 


DS005501-2 


FIGURE 1. 
Ordering Information 


Part Number Total Package Temperature _ 
Unadjusted Error Range 


ADC0820BCV V20A— Molded Chip Carrier 0°C to +70°C 
ADC0820BCWM + LSB M20B— Wide Body Small Outline 0°C to +70°C 
ADC0820BCN N20A— Molded DIP 0°C to +70°C 
ADC0820CCJ J20A—Cerdip ~40°C to +85°C 
ADC0820CCWM M20B— Wide Body Small Outline 0°C to +70°C 

ADC0820CIWM M20B— Wide Body Small Outline —40°C to +85°C 
ADC0820CCN N20A— Molded DIP 0°C to +70°C 
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National Semiconductor 


ADC0831/ADC0832/ADC0834/ADC0838 
8-Bit Serial I/O A/D Converters with Multiplexer Options 


General Description 


The ADC0831 series are 8-bit successive approximation A/D 
converters with a serial I/O and configurable input multiplex- 
ers with up to 8 channels. The serial 1/O is configured to 
comply with the NSC MICROWIRE™ serial data exchange 
standard for easy interface to the COPS™ family of proces- 
sors, and can interface with standard shift registers or uPs. 
The 2-, 4- or 8-channel multiplexers are software configured 
for single-ended or differential inputs as well as channel as- 
signment. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero input 
voltage value. In addition, the voltage reference input can be 
adjusted to allow encoding any smaller analog voltage span 
to the full 8 bits of resolution. 


Features 


= NSC MICROWIRE compatible — direct interface to 
COPS family processors 

m™ Easy interface to all microprocessors, or operates 
“stand-alone” 


Typical Application 


A POSITION 1 
5Voc 


POSITION 2 
e 


5Vpc 
O) 


5Voc 
O 


TRANSDUCERS 
(ANALOG VOLTAGES) 


ie 


= Operates ratiometrically or with 5 Voc voltage 
reference 

No zero or full-scale adjust required 

2-, 4- or 8-channel multiplexer options with address logic 
Shunt regulator allows operation with high voltage 
supplies 

OV to 5V input range with single 5V power supply 
Remote operation with serial digital data link 
TTL/MOS input/output compatible 

0.3" standard width, 8-, 14- or 20-pin DIP package 
20 Pin Molded Chip Carrier Package (ADC0838 only) 
Surface-Mount Package 


Key Specifications 


# Resolution 8 Bits 
= Total Unadjusted Error +% LSB and +1 LSB 
m@ Single Supply 5 Voc 
m™ Low Power 15 mW 
m Conversion Time 32 us 


5 Voc 


BIT STREAM 


ADC0838 


DIGITAL 
| ew 


DS005583-1 
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ADC0831/ADC0832/ADC0834/ADC0838 


Connection Diagrams 


ADC0838 8-Channel Mux 
Small Outline/Dual-In-Line Package 
(WM and N) 


_— 


CHO 
CH1 
CH2 
CH3 
CH4 
CHS 
CH6 
CH7 
COM 
DGND 


2 
* 
4 
5 
6 
7 
8 
i 


_ 
oO 
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Top View 


ADC0832 2-Channel MUX 
Small Outline Package (WM) 


CH1 


GND 
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Top View 


ADC0838 8-Channel MUX 
Molded Chip Carrier (PCC) 
Package (V) 

oe 
a a 


es 
| 
CLK 
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ADC0834 4-Channel MUX 
Small Outline/Dual-In-Line Package 
(WM and N) 





DS005583-30 


COM internally connected to A GND 
Top View 


Top View 


ADC0831 Single 
Differential Input 
Dual-In-Line Package (N) 


ne wy, 
cS—q1 8F— Voc 
Vin (4) 42 7}—-CLK 
Vin (-)—43 6f-—DO 
GND—44 5I— Veer 
DS005583-32 

Top View 
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ADC0832 2-Channel MUX 
Dual-In-Line Package (N) 


cs 
CHO 
CHI 
GND 





DS005583-31 


COM internally connected to GND. 
Vrer internally connected to Vcc. 
Top View 


Top View 


ADC0831 Single Differential Input 
Small Outline Package (WM) 





DS005583-42 


Top View 


Ordering Information 


Part Number 


ADC0831CCN 
ADC0831CCWM 
ADC0832CIWM 
ADC0832CCN 
ADC0832CCWM 
ADC0834BCN 
ADC0834CCN 
ADC0834CCWM 
ADCO0838BCV 
ADCO0838CCV 
ADC0838CCN 
ADCO0838CIWM 
ADCO0838CCWM 


Analog Input 


Channels 
| 


EF 


Re 


Total 
Unadjusted Error 


+1 


+V% 
+1 


See NS Package Number M14B, M20B, NOSE, N14A, N20A or V20A 


Package 


Molded (N) 
SO(M) 
SO(M) 






Molded (N) 
SO(M) 
Molded (N) 

SO(M) 


PCC (V) 





Molded (N) 


SO(M) 
SO(M) 





Temperature 
Range 
0°C to +70°C 
0°C to +70°C 
-40°C to +85°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


0°C to +70°C 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
-40°C to +85°C 
0°C to +70°C 
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ADC08351 





National Semiconductor 


ADC08351 | 
8-Bit, 42 MSPS, 40 mW A/D Converter 


General Description Features 


The ADC08351 is an easy to use low power, low cost, small | ™ Low Input Capacitance 

size, 42 MSPS analog-to-digital converter that digitizes sig- | ™ Internal Sample-and-Hold Function 
nals to 8 bits. The ADC08351 uses an unique architecture | Single +3V Operation 

that achieves 7.2 Effective Bits with a 4.4 MHz input and =m ~Power Down Feature 

42 MHz clock frequency and 6.8 Effective Bits witha21MHzZ 5 tRistTaTE Outputs 

input and 42 MHz clock frequency. Output formatting is 
etsiont inely coding. | Key Specifications 
To minimize system cost and power consumption, the 

ADC08351 requires minimal external components and in- @ Resolution 8 Bits 
cludes input biasing to allow optional a.c. input signal cou- 
pling. The user need only provide a +3V supply and a clock. 
Many applications require no separate reference or driver 
components. 

The excellent dc and ac characteristics of this device, to- 
gether with its low power consumption and +3V single supply 
operation, make it ideally suited for many video and imaging 
applications, including use in portable equipment. Total 
power consumption is reduced to less than 7 mW in the 0 5 
power-down mode. Furthermore, the ADC08351 is resistant App lications 

to latch-up and the outputs are short-circuit proof. Video Digitization 
Fabricated on a 0.35 micron CMOS process, the ADC08351 Digital Still Cameras 

is offered in TSSOP and is designed to operate over the Set Top Boxes 
commercial temperature range of —20°C to +85°C. Digital Camcorders 
Communications 

Medical Imaging 
Personal Computer Video 
CCD Imaging 
Electro-Optics 


Maximum Sampling Frequency 42 MSPS (min) 

ENOB @ forx = 42 MHZ, fy = 4.4 MHz 7.2 Bits (typ) 

Guaranteed No Missing Codes 

Power Consumption 40 mW (typ); 48 mW (max) 
(Excluding Reference Current) 


Pin Configuration 


oe C1 DGND 

DGND [9 2 AGND 

DO (LSB) [J 3 AGND 
D1 44 Vin 
p24” ADC08351 A 
p3 C6 1 PD 

D4 047 VREF 
dC] 8 Vp 

Dé Cy 9 CLK 
D7 (msB) CJ 10 Vp 





DS100895-1 


Ordering Information 


ADC08351CIMTC TSSOP 
ADC08351CIMTCX TSSOP (tape & reel) 


www.national.com 6-34 


ADC08351 Block Diagram 


ENCODER 
& ERROR 
CORRECTION 


OUTPUT DATA 
DRIVERS OUT 


ENCODER 
& ERROR 
CORRECTION 





CLK PD AGND DGND OF 
DS100895-2 


Pin Descriptions and Equivalent Circuits 


Pj 
oh Symbol Equivalent Circuit Description 


: 


Analog signal input. Conversion range is 0.5 Vp.p to 
0.68 Va. 


Positive reference voltage input. Operating range of 
this voltage is 0.75V to V,. This pin should be 
bypassed with a 10 uF tantalum or aluminum 
electrolytic capacitor and a 0.1 UF ceramic chip 
capacitor. 





CMOS/TTL compatible digital input that, when low, 
1 OE is enables the digital outputs of the ADC08351. When 
° high, the outputs are in a high impedance state. 
re CMOS/TTL compatible digital clock input. Vx, is 
(2) sampled on the falling edge of CLK input. 
CMOS/TTL compatible digital input that, when high, 
puts the ADC08351 into the power down mode, 
15 d where it consumes minimal power. When this pin is 
sade low, the ADC08351 is in the normal operating 
mode. 


Conversion data digital output pins. DO is the LSB, 
D7 is the MSB. Valid data is output just after the 
rising edge of the CLK input. These pins are 
enabled by bringing the OE pin low. 


3 thru 


10 DO—D7 
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ADC08351 


Pin Descriptions and Equivalent Circuits (Continued) 


Pin 


ee _ Equivalent Circuit Description 


Symbol 
Positive digital supply pin. Connect to a clean, quiet 
voltage source of +3V. V, and Vp should have a 
common supply and be separately bypassed with a 
10 pF tantalum or aluminum electrolytic capacitor 
and a 0.1 uF ceramic chip capacitor. See Section 
3.0 for more information. 


The ground return for the digital supply. AGND and 
DGND should be connected together close to the 
ADC08351. 

Positive analog supply pin. Connected to a clean, 
quiet voltage source of +3V. V, and Vp should have 
a common supply and be separately bypassed with 
a 10 uF tantalum or aluminum electrolytic capacitor 
and a 0.1 wF ceramic chip capacitor. See Section 
3.0 for more information. 

The ground return for the analog supply. AGND and 
DGND should be connected together close to the 
ADC08351 package. 


11, 13 Vp 


2, 20 DGND 


16 A 


18, 19 AGND 
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ADC0844/ADC0848 


National Semiconductor 


8-Bit p»P Compatible A/D Converters with Multiplexer 


Options 


General Description 


The ADC0844 and ADC0848 are CMOS 8-bit successive ap- 
proximation A/D converters with versatile analog input multi- 
plexers. The 4-channel or 8-channel multiplexers can be 
software configured for single-ended, differential or 
pseudo-differential modes of operation. 


The differential mode provides low frequency input common 
mode rejection and allows offsetting the analog range of the 
converter. In addition, the A/D’s reference can be adjusted 
enabling the conversion of reduced analog ranges with 8-bit 
resolution. 


The A/Ds are designed to operate from the control bus of a 
wide variety of microprocessors. TRI-STATE® output latches 
that directly drive the data bus permit the A/Ds to be config- 
ured as memory locations or I/O devices to the microproces- 
sor with no interface logic necessary. 


Block and Connection Diagrams 


AGND(10) Vcc(24) DGND(12) VREF(T1) 


*CH1(2)-CH8(9) 


ADDRESS 
LATCH 


*ADC0848 shown in DIP Package CH5-CH8 not included on the ADC0844 


6-37 


Features 


m= Easy interface to all microprocessors 

m= Operates ratiometrically or with 5 Vo. 

voltage reference 

No zero or full-scale adjust required 

4-channel or 8-channel multiplexer with address logic 
Internal clock 

OV to 5V input range with single 5V power supply 
0.3" standard width 20-pin or 24-pin DIP 

28 Pin Molded Chip Carrier Package 


Key Specifications 


m= Resolution 8 Bits 
w Total Unadjusted Error +% LSB and + 1 LSB 
m@ Single Supply 5 Voc 
m Low Power 15 mW 
Conversion Time 40 us 


CS(23) RD(1) wh(22) 







CONTROL 


LOGIC INTR(21) 


TRI-STATE 
OUTPUT 


<bnee oe 
LATCHES 


MAQ(20)-MA4(16) 


DS005016-1 
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ADC0844/ADC0848 


Block and Connection Diagrams (continued) 


Molded Chip Carrier Package Dual-In-Line Package DiaHintine Package 


DBO /MAO 
DBt/MA1 
DB3/MA3 


“N 
<< 
= 
SS 
N 
a 
a 


23 22 21 


NC 


ADC0844 


ADC0848 ADC0848 


1 

2. 
3 
4 
5 
6 
7 
8 
9 


ary 
Oo 





_ 
_ 


DS005016-2 
oO 
z 


pare 
nd 





Se zeees 
SERS S55. Top View 
DS005016-29 DS005016-30 
Top View 


See Ordering Information 
Ordering Information 


Top View 
Temperature Total Unadjusted Error 
Range +2 LSB 


Package 
+1 LSB Outline | 
ADC0844CCN 4 N20A 
0°C to +70°C Molded Dip — 











ADC0848BCN N24C 
ee 
ADC0844BCJ J20A 
ADC0848BCV V28A 
ican 
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National Semiconductor 


ADC08831/ADC08832 
8-Bit Serial I/O CMOS A/D C 
and Sample/Hold Function 


General Description 


The ADC08831/ADC08832 are 8-bit successive approxima- 
tion Analog to Digital converters with 3-wire serial interfaces 
and a configurable input multiplexer for 2 channels. The se- 
rial 1/O will interface to COPS™family of micro-controllers, 
PLD’s, microprocessors, DSP’s, or shift registers. The serial 
I/O is configured to comply with the NSC MICROWIRE™ se- 
rial data exchange standard. 

To minimize total power consumption, the 
ADC08831/ADC08832 automatically go into low power 
mode whenever they are not performing conversions. 
Atrack/hold function allows the analog voltage at the positive 
input to vary during the actual A/D conversion. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or 
pseudo-differential modes. The voltage reference input can 
be adjusted to allow encoding of small analog voltage spans 
to the full 8-bits of resolution. 


Applications 


m Digitizing sensors and waveforms 
m= Process control monitoring 


Typical Application 







Transducers 





Transducers 
(Analog Voltages) 


onverters with Multiplexer 


m™ Remote sensing in noisy environments 
m Instrumentation 
m Embedded Systems 


Features 

3-wire serial digital data link requires few I/O pins 
Analog input track/hold function 

2-channel input multiplexer option with address logic 
Analog input voltage range from GND to Vcc 

No zero or full scale adjustment required 
TTL/CMOS input/output compatible 

Superior pin compatible replacement for ADC0831/2 


Key Specifications 

m Resolution: 8 bits 

m™ Conversion time (fg = 2 MHz): 4s (max) 
m= Power dissipation: 8.5mW (typ) 

m Low power mode: 3.0mW (typ) 

m Single supply: 5Vpc 

= Total unadjusted error: +1LSB 

m No missing codes over temperature 


ov 


ADC08832 


CLK Be 
eee 
cs : DSP 
ace eee 
0/D! 
) DO/D > 


DS100108-44 


Digital CPU 
pe 


DS100108-43 
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ADC08831/ADC08832 


Connection Diagrams 


ADC08831 ADC08832 
Wide Body SO Packages Wide Body SO Packages 





cs cs Voc (rer) 
NC NC NC 

Vin (+) CHO 21—CLK 
NC NC NC 


CH1 
NC NC 


GND GND 





DS100108-4 DS100108-3 


ADC08831 ADC08832 
N,M,MM Packages N,M,MM Packages 
cs Voc (Veer) 
CHO CLK 
CH1 


GND 





DS100108-2 DS100108-1 


Ordering Information 


‘Temperature Range Package 
Industrial (-40°C < T, < +85°C) 
ADC08831IN 
! NO8E 
ADC08832IN 
ADC08831IWM, 
M14B 
ADC08832IWM, 


ADC08831IM, 
MO08A 
ADC08832IM, 
ADC08831IMM, 
MUAO08A 
ADC08832IMM, 
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National Semiconductor 


LOOLOdV 





ADC1001 
10-Bit uP Compatible A/D Converter 


General Description Features 

The ADC1001 is a CMOS, 10-bit successive approximation ™ ADC1001 is pin compatible with ADC0801 series 8-bit 
A/D converter. The 20-pin ADC1001 is pin compatible with A/D converters 

the ADC0801 8-bit A/D family. The 10-bit data word is readin #& Compatible with NSC800 and 8080 UP derivatives—no 
two 8-bit bytes, formatted left justified and high byte first. The interfacing logic needed 

six least significant bits of the second byte are setto zero,as =m Easily interfaced to 6800 uP derivatives 

is proper for a 16-bit word. = Differential analog voltage inputs 

Differential inputs provide low frequency input common wm Logic inputs and outputs meet both MOS and TTL 
mode rejection and allow offsetting the analog range of the voltage level specifications 





converter. In addition, the reference input can be adjusted == Works with 2.5V (LM336) voltage reference 
enabling the conversion of reduced analog ranges with 


; m On-chip clock generator 
10-bit resolution. 


#@ OV to 5V analog input voltage range with single 5V 
supply 


Key Specifications = Operates ratiometrically or with 5 Voc, 2.5 Voc, or 
= Resolution 10 bits analog span adjusted voltage reference 
m Linearity error +1 LSB # 0.3" standard width 20-pin DIP package 
m@ Conversion time 200uS 
Connection Diagram 
ADC1001 


Dual-In-Line Package 











cS—it Voc (OR Veer) 
RD—42 CLK R 
WR—-43 BIT 2/0 
CLK IN44 BIT 310 
INTRH5 BIT 40 
Vin(t) 46 BIT 5 |0 
Vin(-) “47 BIT 6 | 0 
A GND—48 BIT 7} 0 
Verr/2—49 BIT 8 | BIT O(LSB) 


D GND 


10 


(MSB) BIT 9 
1S! pyte 2ND pyte 


DS005675-11 





Top View 
Ordering Information 


Temperature 0°C to +70°C | -40°C to +85°C 
Range 


Order Number ADC1001CCUJ-1 ADC1001CCJ 
Package Outline J20A J20A 
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ADC10030 


National Semiconductor 





ADC10030 : 
10-Bit, 30 MSPS, 125 mW A/D Converter with Internal | 
Sample and Hold 


_General Description Features 
~The ADC10030 is a low power, high performance CMOS _ ® Internal Sample-and-Hold 


analog-to-digital converter that digitizes signals to 10 bits m Single +5V Operation 

resolution at sampling rates up to 30 Msps while consuming —_m™ Low Power Standby Mode 

a typical 125 mW from a single 5V supply. Reference force ™ Guaranteed No Missing Codes 

and sense pins allow the user to connect an external refer- sg TpiSTATE Outputs 

ence buffer amplifier to ensure optimal accuracy. No missing = TTL/CMOS or 3V Logic Input/Output Compatible 


codes is guaranteed over the full operating temperature 
range. The unique two-stage architecture achieves 9.1 Ef- ags . 
fective Bits with a 15 MHz input signal and a 30 MHz clock Key Specifications 
frequency. Output formatting is straight binary coding. 


7 vor earena nana eaaaianG m Resolution 10 Bits 
0 ease interfacing to 3V systems, the digita power pins 

of the ADC 10030 can be tied to a 3V power source, making m Conversion Rate ie Msps 
the outputs 3V compatible. When not converting, powercon- i ENOB @ 15 MHz Input 9.1 Bits (typ) 
sumption can be reduced by pulling the PD (Power Down) m DNL 0.40 LSB (typ) 
pin high, placing the converter into a low power standby ; 

state, where it typically consumes less than 4 mW. The mice onivetsion Ealency a mipen Cyaee 
ADC10030’s speed, resolution and single supply operation m PSRR 56 dB 
makes it well suited for a variety of applications in video, im- m Power Consumption 125 mW (typ) 
aging, communications, multimedia and high speed data ac- m Low Power Standby Mode <3.5 mW (typ) 
quisition. Low power, single supply operation ideally suit the . 

ADC10030 for high speed portable applications, and its ali . 

speed and resolution are ideal for charge coupled device App lications 

(CCD) input systems. Digital Video 


Communications 
Document Scanners 
Medical Imaging 
Electro-Optics 

Plain Paper Copiers 
CCD Imaging 


The ADC10030 comes in a space saving 32-pin TQFP and 
operates over the industrial (-40°C < T, < +85°C) tempera- 
ture range. 


Connection Diagram 


31 30 29 28 27 26 25 


ADC10030CIVT 


1 

2 
3 
4 
5 
6 
7 
8 


10 11 12 13 14 15 16 





DS101064-1 
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Ordering Information 










Commercial Temperature Range 
NS Pack 
(-40°C < T, < +85°C) otal 


ADC10030CIVT TQFP 


Block Diagram 


0€00LOGV 





[ Fe oe 
co V Vn VO 
> > Va D D 

















DATA 
OUT 


DO - D9 








COARSE 
ENCODER 
COARSE 
COMPARATORS 
ANALOG 
MULTIPLEXER 
FINE 
ENCODER 
CORRECTION 
LOGIC 
OUTPUT 
DRIVERS 











FINE 
COMPARATORS 


PD AGND DGND DGND I/O 


CLK 


Veer S 
Vaer F 


DS101064-2 
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ADC10030 


Pin Descriptions and Equivalent Circuits 


30 Vin Analog Input signal to be converted. Conversion — 
range iS Veert S tO Vaer- S. 
Analog input that goes to the high side of the 
31 | Veee+ F reference ladder of the ADC. This voltage should 
force Vaert S to be in the range of 2.6V to 3.8V. 
30 Analog output used to sense the voltage near the 
top of the ADC reference ladder. 
Analog input that goes to the low side of the 
2 Vaer- F reference ladder of the ADC. This voltage should 
Yer force Vaer_ S to be in the range of 1.7V to 2.8V. 
1 Analog output used to sense the voltage near the 
~ bottom of the ADC reference ladder. 





9 CLK Converter digital clock input. V\, is sampled on the 
falling edge of CLK input. a 





Power Down input. When this pin is high, the 
8 converter is in the Power Down mode and the data 
output pins are in a high impedance state. 
Output Enable pin. When this pin and the PD pin 
26 are low, the output data pins are active. When this 
pin or the PD pin is high, the data output pins are in 
a high impedance state. 
14 
thru ei = ; ; 
19 Digital Output pins providing the 10-bit conversion 
ana Do-D9 results. DO is the LSB, D9 is the MSB. Data is 
29 acquired on the falling edge of the CLK input and 
ihre valid data is present 2.0 clock cycles plus top later. 
25 
DGND V0 
Positive analog supply pins. These pins should be 
3.7 connected to a clean, quiet voltage source of +5V. 
28 Va Va and Vp should have a common supply and be 
separately bypassed with 10 yF to 50 uF capacitors 
in parallel with 0.1 pF capacitors. 
Positive digital supply pins. These pins should be 
connected to a clean, quiet voltage source of +5V. 
5, 10 Vp V, and Vp should have a common supply and be 
separately bypassed with 10 pF to 50 uF capacitors 
in parallel with 0.1 uF capacitors. 
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Pin Descriptions and Equivalent Circuits (Continued) 


0£00LOGV 


Positive supply pins for the digital output drivers. 
42.24 V> VO These pins should be connected to a clean, quiet 
voltage source of +3V to +5V and be separately 
bypassed with 10 uF to 50 uF capacitors. 
4. 27 The ground return for the analog supply. AGND and 
29 AGND DGND should be connected together close to the 
ADC10030 package. 
The ground return for the digital supply. AGND and 
6, 11 DGND DGND should be connected together close to the 
ADC10030 package. 


13,20 | DGNDVO | | The ground return of the digital output drivers. 
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ADC1005 


AY vational Semiconductor 


ADC1005 ie 


10-Bit uP Compatible A/D Converter 


General Description 


The ADC1005 is a CMOS 10-bit successive approximation 
A/D converter. The 20-pin ADC1005 outputs 10-bit data in a 
two-byte format for interface with 8-bit microprocessors. 


The ADC1005 has differential inputs to permit rejection of 
common-mode signals, allow the analog input range to be 
offset, and also to permit the conversion of signals not re- 
ferred to ground. In addition, the reference voltage can be 
adjusted, allowing smaller voltage spans to be measured 
with 10-bit resolution. 


Connection Diagram 


Features 

m Easy interface to all microprocessors 

m Differential analog voltage inputs — 

= Operates ratiometrically or with 5 Voc voltage reference 
or analog span adjusted voltage reference 

m@ OV to 5V analog input voltage range with single 5V 
supply 

@ On-chip clock generator 

= TLL/MOS input/output compatible 

m 0.3" standard width 20-pin DIP 


Key Specifications 


m™ Resolution 10 bits 
m@ Linearity Error +Ve LSB and +1 LSB 
m Conversion Time 50 us 


ADC 1005 (for an 8—bit data bus) 
Dual-In-Line Package 


1 

2 
3 
4 
5 
6 
7 
8 
9 


(2) 





BIT 2 


oOo Oo Ob Oo Oo 


BIT 0 (LSB) 





(MSB) BIT 9 
2ND BYTE 


DS005261-1 


Top View 


Ordering Information 


Part Number |Package | Temperature Linearity 
Outline Range Error 
oe eee | 


ADC1005CCJ-1} J20A 0°C to +70°C +1 LSB 
ADC1005CCJ J20A ~40°C to +85°C 
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National Semiconductor 


ADC10061/ADC10062/ADC10064 | 
10-Bit 600 ns A/D Converter with Input Multiplexer and 


Sample/Hold 


General Description 


Using an innovative, patented multistep* conversion tech- 
nique, the 10-bit ADC10061, ADC10062, and ADC10064 
CMOS analog-to-digital converters offer sub-microsecond 
conversion times yet dissipate a maximum of only 235 mW. 
The ADC10061, ADC10062, and ADC10064 perform a 
10-bit conversion in two lower-resolution “flashes”, thus 
yielding a fast A/D without the cost, power dissipation, and 
other problems associated with true flash approaches. The 
ADC10061 is pin-compatible with the ADC1061 but much 
faster, thus providing a convenient upgrade path for the 
ADC1061. 


The analog input voltage to the ADC10061, ADC10062, and 
ADC10064 is sampled and held by an internal sampling cir- 
cuit. Input signals at frequencies from dc to over 200 kHz 
can therefore be digitized accurately without the need for an 
external sample-and-hold circuit. 

The ADC10062 and ADC10064 include a “speed-up” pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns with 
only a small increase in linearity error. 

For ease of interface to microprocessors, the ADC10061, 
ADC10062, and ADC10064 have been designed to appear 
as a memory location or I/O port without the need for exter- 
nal interface logic. 


*U.S. Patent Number 4918449 


Simplified Block Diagram 


VReF- 6 Bit Flash A/D 


(6 MSBs) DB8 


“AND : 

Ving’ 6 Bit DAC 

us TRI-STATE DB4 
BUFFERS 


Features 

@ Built-in sample-and-hold 

m Single +5V supply 

@ 1, 2, or 4-input multiplexer options 

m No external clock required 

= Speed adjust pin for faster conversions (ADC10062 
and ADC10064). See ADC10662/4 for high speed 
guaranteed performance. 


Key Specifications 

= Conversion time to 10 bits 600 ns typical, 
a 900 ns max over temperature 
= Sampling Rate 800 kHz 
m Low power dissipation 235 mW (max) 
m= Total unadjusted error +1.0 LSB (max) 
m No missing codes over temperature 


Applications 

m= Digital signal processor front ends 
= Instrumentation 

m Disk drives 

m= Mobile telecommunications 


DB9 (MSB) 
DB7 


OUTPUT DB6 


DB3 
DB2 


ce 4 Bit Flash A/D Pes 
(4 LSBs) DBO (LSB) 
DVoc 


SPEED 
ADJ** 


DGND** 


GND* AGND** 


*ADC10061 Only 
**ADC10062 and ADC10064 Only 
***ADC10064 Only 
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TIMING AND CONTROL CIRCUITRY A INT 


GS. RD: S/H) S0** sre** 


DS011020-1 
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ADC10061/ADC10062/ADC 10064 


Ordering Information 









Connection Diagrams 


DVec 


INT 


S/H 


RD 
cs 


AVec 


VREF = 


Vin 


VREF + 
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GND 





oO 


DBI 
DB2 


ADC 10061 DB4 
DB5 


DB6 
DB7 
DB8 


2 
2S 
4 
) 
6 
7 
8 
9 


oO 


DBS 


Industrial (-40°C <T, <+85°C) 


DBO (LSB) 


DB9 (MSB) 


DS011020-11 


Top View 


DVo¢ 
INT 
S/H 


o won om oo F& WwW PD 











oO 


DB1 
DB2 
DB3 
DB4 
DBS 
ADC 10064 DB6 
N.C. 
DB7 
DB8 


10 


—_~ ee 
Ww hHe = 


DGND 
AGND 


i 


DVo¢ 
INT 
S/H 
RD 


Cs: 


So 
AVoc 


VREF- 


VINO 


Vint 


VREF + 
AGND 


DBO (LSB) 


DB9 (MSB) 
SPEED ADJ 


DS011020-13 


Top View 
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2 
3 
| 4 
rs) 
6 
7 
8 
9 


ADC10061CIWM M20B Smail Outline 
ADC10062CIWM M24B Small Outline 


ADC10064CIWM.— M28B Small Outline 


Oo 


ADC10062 


_—_—~ —_- —_ 
no —- & 





Top View 


DBO (LSB) 
DB1 

DB2 

DB3 

DB4 

DB5 

DB6 

DB7 

DB8 

DB9 (MSB) 
SPEED ADJ 
DGND 


DS011020-12 


Pin Descriptions 


DVcc; AVcc These are the digital and analog positive sup- 


S/H 


SO, S1 


VREF- 
V REFS 


ply voltage inputs. They should always be con- 
nected to the same voltage source, but are 
brought out separately to allow for separate 
bypass capacitors. Each supply pin should be 
bypassed with a 0.1 uF ceramic capacitor in 
parallel with a 10 uF tantalum capacitor to 
ground. 


This is the active low interrupt output. INT 
goes low at the end of each conversion, and 
returns to a high state following the rising edge 
of RD. 


This is the Sample/Hold control input. When 
this pin is forced low (and CS is low), it causes 
the analog input signal to be sampled and ini- 
tiates a new conversion. 


This is the active low Read control input. 
When this RD and CS are low, any data 
present in the output registers will be placed 
on the data bus. 


This is the active low Chip Select control input. 
When low, this pin enables the RD and S/H 
pins. 

On the multiple-input devices (ADC 10062 and 
ADC10064), these pins select the analog input 
that will be connected to the A/D during the 
conversion. The input is selected based on the 
state of SO and S1 when S/H makes its 
High-to-Low transition (See the Timing Dia- 
grams). The ADC10064 includes both SO and 
S1. The ADC10062 includes just SO, and the 
ADC10061 includes neither. 


These are the reference voltage inputs. They 
may be placed at any voltage between GND 
and Voc, but Vrer, must be greater than 
Veer. An input valtage equal to Varr_ pro- 
duces an output code of 0, and an input volt- 
age equal to (Vaer, — 1 LSB) produces an out- 
put code of 1023. 
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Vin» Vino: 
Ving ’ Vines 
Vins 


GND, AGND, 
DGND 


DBO-DB9 
SPEED ADJ 


These are the analog input pins. The 
ADC10061 has one input (V;,,), the ADC 10062 
has two inputs (Ving and Vinx,), and the 
ADC10064 has four inputs (Ving, Vina Vine 
and Ving). The impedance of the source 
should be less than 500Q for best accuracy 
and conversion speed. For accurate conver- 
sions, no input pin (even one that is not se- 
lected) should be driven more than 50 mV 
above Voc or 50 mV below ground. 


These are the power supply ground pins. The 
ADC10061 has a single ground pin (GND), 
and the ADC10062 and ADC10064 have 
separate analog and digital ground pins 
(AGND and DGND) for separate bypassing of 
the analog and digital supplies. The ground 
pins should be connected to a _ stable, 
noise-free system ground. For the devices 
with two ground pins, both pins should be re- 
turned to the same potential. 


These are the TRI-STATE® output pins. 


(ADC10062 and ADC10064 only). This pin is 
normaily left unconnected, but by connecting a 
resistor between this pin and ground, the con- 
version time can be reduced. See the Typical 
Performance Curves and the table of Electri- 
cal Characteristics. 
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ADC10154/ADC10158 


National Semiconductor 


10-Bit Plus Sign 4 us ADCs with 4- or 8-Channel MUX, 


Track/Hold and Reference 


General Description 


The ADC10154 and ADC10158 are CMOS 10-bit plus sign 
successive approximation A/D converters with versatile ana- 
log input multiplexers, track/hold function and a 2.5V 
band-gap reference. The 4-channel or 8-channel multiplex- 
ers can be software configured for single-ended, differential 
or pseudo-differential modes of operation. 

The input track/hold is implemented using a capacitive array 
and sampled-data comparator. 

Resolution can be programmed to be 8-bit, 8-bit plus sign, 
10-bit or 10-bit plus sign. Lower-resolution conversions can 
be performed faster. 

The variable resolution output data word is read in two bytes, 
and can be formatted left justified or right justified, high byte 
first. ' 


Applications 


m Process control 
m= instrumentation 
m Test equipment 


ADC10158 Simplified Block Diagram 


CLK 


2 . 


CHO 


| 


Features 


m 4- or 8- channel configurable multiplexer 

m@ Analog input track/hold function 

m OV to 5V analog input range with single +5V power 
supply 

m —5V to +5V analog input voltage range with +5V 
supplies 

m Fully tested in unipolar (single +5V supply) and bipolar 

(dual +5V supplies) operation 

Programmable resolution/speed and output data format 

Ratiometric or Absolute voltage reference operation 

No zero or full scale adjustment required 

No missing codes over temperature 

Easy microprocessor interface 


Key Specifications 


=m Resolution 10-bit plus sign 
m Integral linearity error +1 LSB (max) 
= Unipolar power dissipation 33 mW (max) 
= Conversion time (10-bit + sign) 4.4 us (max) 
mw Conversion time (8-bit) 3.2 us (max) 
m Sampling rate (10-bit + sign) 166 kHz 
m Sampling rate (8-bit) 207 kHz 
= Band-gap reference 2.5V +2.0% (max) 


INT 


DBO (MAO) 
DB1 (MA1) 
DB2 (MA2) 
DB3 (MA3) 
DB4 (MA4) 
DB5 (U/S) 
DB6 (8/10) 
DB7 (L/R) 


Comparator 


BC 4 16C 4 32C 





CH1 ie Control 
CH2 te Logic 
CH3 - 
a ie 2c 2C 1c 2¢ 4C 
CH5 oa 
CH6 
ae feos 
AMMAN 
av | EET TE 
+ 
ad na) (ls 11-Bit SAR 
REF 
oe Pa ba dd 
Veer our " Befatende 
MUX Decode 
pvt 
DGND 8 
v , 


www.national.com 





DS011225-1 


6-50 


Connection Diagrams 


Dual-in-Line and SO Packages 


AV’ 14 pv* 
cS—42 WR 
RD—43 CLK 
CHO—14 INT 
CH1 45 DBO (MAO) 
CH2 —46 DB1 (MA1) 
CH3—47 DB2 (MA2) 
VerpOUT —4 8 DB3 (MA3) 
Veer” DB4 
Vere DB5 (U/S) 
v DB6 (8/10) 
DGND DB7 (L/R) 





DS011225-2 


Top View 
Order Number ADC10154 
NS Package Number M24B 


Pin Descriptions 


AV* 


DV* 


DGND 


\- 


-A 
VreF > 
VREF 


This is the positive analog supply. This pin 
should be bypassed with a 0.1 WF ceramic ca- 
pacitor and a 10 pF tantalum capacitor to the 
system analog ground. 

This is the positive digital supply. This supply 
pin also needs to be bypassed with 0.1 pF ce- 
ramic and 10 uF tantalum capacitors to the 
system digital ground. AV* and DV* should be 
bypassed separately and tied to same power 
supply. 

This is the digital ground. All logic levels are re- 
ferred to this ground. 


This is the negative analog supply. For unipolar 
operation this pin may be tied to the system 
analog ground or to a negative supply source. 
It should not go above DGND by more than 
50 mV. When bipolar operation is required, the 
voltage on this pin will limit the analog input’s 
negative voltage level. In bipolar operation this 
supply pin needs to be bypassed with 0.1 UF 
ceramic and 10 pF tantalum capacitors to the 
system analog ground. 


These are the positive and negative reference 
inputs. The voltage difference between Vaer* 
and Veer will set the analog input voltage 
span. 

This is the internal band-gap voltage reference 
output. For proper operation of the voltage ref- 
erence, this pin needs to be bypassed with a 
330 UF tantalum or electrolytic capacitor. 

This is the chip select input. When a logic low 
is applied to this pin the WR and RD pins are 
enabled. 
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Dual-in-Line and SO Packages 


AV* 11 pv* 
CHO —4 2 cs 
CHi—43 RD 
CH2 —4 4 WR 
CH3—45 CLK 
CH4 46 INT 
CHS 47 DBO (MAO) 
CH6 = 8 DB1 (MA1) 
CH7 —49 DB2 (MA2) 
Verr OUT DB3 (MA3) 
Veer DB4 (MA4) 
Veer DB5 (U/S) 
v" DB6 (8/10) 
DGND DB7 (L/R) 


CLK 


DBO(MAO) 
—DB7 (UR) 


CHO-—CH7 
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Top View 
Order Number ADC10158 
NS Package Numbers 
M28B or N28B 


This is the read control input. When a logic low 
is applied to this pin the digital outputs are en- 
abled and the INT output is reset high. 


This is the write control input. The rising edge 
of the signal applied to this pin selects the mul- 
tiplexer channel and initiates a conversion. 


This is the interrupt output. A logic low at this 
output indicates the completion of a conver- 
sion. 


This is the clock input. The clock frequency di- 
rectly controls the duration of the conversion 
time (for example, in the 10-bit bipolar mode 
tc = 22/fo.x) and the acquisition time (t, = 
6/foik)- 

These are the digital data inputs/outputs. DBO 
is the least significant bit of the digital output 
word; DB7 is the most significant bit in the digi- 
tal output word (see the Output Data Configu- 
ration table). MAO through MA4 are the digital 
inputs for the multiplexer channel selection 
(see the Multiplexer Addressing tables). U/S 
(Unsigned/Signed), 8/10, (8/10-bit resolution) 
and L/R (Left/Right justification) are the digital 
input bits that set the A/D’s output word format 
and resolution (see the Output Data Configura- 
tion table). The conversion time is modified by 
the chosen resolution (see Electrical AC Char- 
acteristics table). The lower the resolution, the 
faster the conversion will be. 


These are the analog input multiplexer chan- 
nels. They can be configured as single-ended 
inputs, differential input _—pairs, or 
pseudo-differential inputs (see the Multiplexer 
Addressing tables for the input polarity 
assignments). 
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ADC10221 


National Semiconductor 





ADC10221 
10-Bit, 15 MSPS, 98 mW A/D Converter with Internal 
Sample and Hold 


General Description | Features 


The ADC10221 is the first in a family of low power, high per- ™ Internal Sample-and-Hold 

formance CMOS analog-to-digital converters. It can digitize = Single +5V Operation | 

signals to 10 bits resolution at sampling rates up to20 MSPS sm _Low Power Standby Mode 

(15 MSPS guaranteed) while consuming a typical 98 mW sw Guaranteed No Missing Codes 

from a single 5V supply. Reference force and sense pins al- ss +71 /CMOS or 3V Logic Input/Output Compatible 
low the user to connect an external reference buffer amplifier 
to ensure optimal accuracy. The ADC10221 is guaranteed to 
have no missing codes over the full operating temperature 
range. The unique two stage architecture achieves 9.2 Effec- 


Key Specifications 


We Bis wikia 10MHs Ino slonal cnd.@e0NMecleckires- nee 
quency. Output formatting is straight binary coding. m Conversion Rate 20 MSPS (typ) 
To ease interfacing to 3V systems, the digital |/O power pins 15 MSPS (min) 
of the ADC10221 can be tied to a 3V power source, making m ENOB 10 MHz Input, 

the outputs 3V compatible. When not converting, power con- 20 MHz Clock 9.2 Bits (typ) 
sumption can be reduced by pulling the PD (Power Down) 

pin high, placing the converter into a low power standby ™@ DNL 0.35 LSB (typ) 
state, where it typically consumes less than 4 mW. The m Power Consumption 98 mW (typ) 
ADC10221’s speed, resolution and single supply operation m Low Power Standby Mode <4 mW (typ) 


make it well suited for a variety of applications in video, im- 
aging, communications, multimedia and high speed data ac- H ; 
quisition. Low power, single supply operation ideally suit the Applications 


ADC10221 for high speed portable applications, and its ™ Digital Video 

speed and resolution are ideal for charge coupled device §™ Document Scanners 
(CCD) input systems. = Medical Imaging 
The ADC10221 comes in a space saving 32-pin TQFP and ™ Electro-Optics 
operates over the industrial (-40°C < T, < +85°C) tempera- m Plain Paper Copiers 
ture range. = CCD Imaging 


Connection Diagram 


. 31 30 29 28 27 26 25 


ADC10221CIVT 


1 
2 
3 
4 
5 
6 
7 
8 


12 13 14 15 16 
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Ordering Information 












Commercial 
(-40°C < T, < +85°C) Ne mache? 


ADC10221CIVT TQFP 


Block Diagram 


LecOLOaV 


Va Vp Vp VO 


= 
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Wy i 
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zO 
9S 
Of 


COARSE 
COMPARATORS 
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FINE 
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FINE 
ENCODER 
CORRECTION 
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CLK PD AGND DGND DGND I/O 


Vrer S 
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ADC10221 


Pin Descriptions and Equivalent Circuits 


Equivalent Circuit Description 





Analog I/O 


Analog Input signal to be converted. Conversion 


30 Vin range is Veert S to Veer S. 


Analog input that goes to the high side of the 


31 Vaecet F reference ladder of the ADC. This voltage should 
force Varr+ S to be in the range of 2.3V to 4.0V. 
as Analog output used to sense the voltage near the 
a, top of the ADC reference ladder. 
Analog input that goes to the low side of the 
2 Veer F reference ladder of the ADC. This voltage should 


force Varr_ S to be in the range of 1.3V to 3.0V. 


Analog output used to sense the voltage near the 
bottom of the ADC reference ladder. 


9 CLK Converter digital clock input. Vj, is sampled on the 
falling edge of CLK input. 


DGND 


Vrer- S 


moh, 





Power Down input. When this pin is high, the 
8 converter is in the Power Down mode and the data 
output pins are in a high impedance state. 
Output Enable pin. When this pin and the PD pin 
26 are low, the output data pins are active. When this 
pin or the PD pin is high, the output data pins are in 
a high impedance state. 
14 
thru 
19 Digital Output pins providing the 10 bit conversion 
and DO -D9 results. DO is the LSB, D9 is the MSB. Valid data is 
22 present just after the falling edge of the CLK input. 
thru 
25 
Positive analog supply pins. These pins should be 
3.7 connected to a clean, quiet voltage source of +5V. 
28 Va V, and Vp should have a common supply and be 
separately bypassed with 10uF to SOuF capacitors 
in parallel with 0.1F capacitors. 
Positive digital supply pins. These pins should be 
connected to a clean, quiet voltage source of +5V. 
5, 10 Vb V, and Vp should have a common supply and be - 
separately bypassed with 10uF to 50yF capacitors 
in parallel with 0.1uF capacitors. 
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Pin [3 ae and Equivalent Circuits (Continue) 


Pin 
No. 
Analog ae 


Positive supply pins for the digital output drivers. 

12, 21 V> vO These pins should be connected to a clean, quiet 
voltage source of +3V to +5V and be separately 
bypassed with 10uF capacitors. 

4. 27 The ground return for the analog supply. AGND and 

99 AGND DGND should be connected together close to the 
ADC10221 package. 
The ground return for the digital supply. AGND and 
DGND DGND should be connected together close to the 
ADC10221 pacjage. 


13, 20 DGND 1/0 Pee anes, sothte tls eneeell The ground return of the digital output drivers. 6 


L¢cOLOGV 


| guivalent cuit Circuit Description 
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ADC10321 





| ADC10321 


AY vational Semiconductor 


10-Bit, 2OMSPS, 98mW AID eisai with Internal 


Sample and Hold 


General Description 


The ADC10321 is a low power, high performance CMOS 
analog-to-digital converter that digitizes signals to 10 bits 
resolution at sampling rates up to 25Msps while consuming 
a typical 98mW from a single 5V supply. Reference force 
and sense pins allow the user to connect an external refer- 
ence buffer amplifier to ensure optimal accuracy. No missing 
codes is guaranteed over the full operating temperature 
range. The unique two stage architecture achieves 9.2 Effec- 
tive Bits with a 10MHz input signal and a 20MHz clock fre- 
quency. Output formatting is straight binary coding. 


To ease interfacing to 3V systems, the digital I/O power pins 
of the ADC10321 can be tied to a 3V power source, making 
the outputs 3V compatible. When not converting, power con- 
sumption can be reduced by pulling the PD (Power Down) 
pin high, placing the converter into a low power standby 
state, where it typically consumes less than 4mW. The 
ADC10321’s speed, resolution and single supply operation 
makes it well suited for a variety of applications in video, im- 
aging, communications, multimedia and high speed data ac- 
quisition. Low power, single supply operation ideally suit the 
ADC10321 for high speed portable applications, and its 
speed and resolution are ideal for charge coupled device 
(CCD) input systems. 


| The ADC10321 comes in a space saving 32-pin TQFP and 


operates over the industrial (-40°C < T, < +85°C) tempera- 
ture range. 


Connection Diagram 


Features 

Internal Sample-and-Hold 
Single +5V Operation 

Low Power Standby Mode 
Guaranteed No Missing Codes 
Tri-State Outputs 


Key Specifications 


Resolution 

Conversion Rate 

ENOB 10MHz Input 

DNL 

Conversion Latency 
PSRR 

Power Consumption 

Low Power Standby Mode 


Applications 
m Digital Video 
Communications 
Document Scanners 
Medical Imaging 
Electro-Optics 

Plain Paper Copiers 
CCD Imaging 


31 30 29 28 27 26 25 


1 

2 
3 
4 
5 
6 
7 
8 


ADC10321CIVT 


10 11 12 13 14 15 16 
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TTL/CMOS or 3V Logic Input/Output Compatible 


10 Bits 

20 Msps 

9.2 Bits (typ) 
0.35 LSB (typ) 
2 Clock Cycles 
56dB 

98mW (typ) 
<4mW (typ) 


Ordering Information 









Commercial 
(-40°C < Ty, < +85°C) 


ADC10321CIVT TQFP 


Block Diagram 


NS Package 


Lcfolodv 
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ADC10321 


Pin Descriptions and Equivalent Circuits 


Description 





Symbol Equivalent Circuit 


Analog I/O 


; 


c 


| 
: = 


14 
thru 
19 
and DO -D9 
22 
thru 
25 


3, 7, 
: 
7 
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Analog Input signal to be converted. Conversion 
range is Vaer+ S to Vagr- S. 


Analog input that goes to the high side of the 
reference ladder of the ADC. This voltage should 
force Vaer+ S to be in the range of 2.3V to 4.0V. 


Analog output used to sense the voltage near the 
top of the ADC reference ladder. 


Analog input that goes to the low side of the 
reference ladder of the ADC. This voltage should 
force Vraer_ S to be in the range of 1.3V to 3.0V. 


Analog output used to sense the voltage near the 
bottom of the ADC reference ladder. 


Converter digital clock input. Vj, is sampled on the 
falling edge of CLK input. 


Power Down input. When this pin is high, the 
converter is in the Power Down mode and the data 
output pins are in a high impedance state. 


Output Enable pin. When this pin and the PD pin 
are low, the output data pins are active. When this 
pin or the PD pin is high, the output data pins are in 
a high impedance state. 


Digital Output pins providing the 10 bit conversion 
results. DO is the LSB, D9 is the MSB. Valid data is 
present just after the falling edge of the CLK input. 


Positive analog supply pins. These pins should be 


- connected to a clean, quiet voltage source of +5V. 


V, and Vp should have a common supply and be 
separately bypassed with 10uF to 50uF capacitors 
in parallel with 0.1yF capacitors. 


Positive digital supply pins. These pins should be 

connected to a clean, quiet voltage source of +5V. 
V, and Vp should have a common supply and be 

separately bypassed with 10uF to 50uF capacitors 
in parallel with 0.1yF capacitors. 


Pin Descriptions and Equivalent Circuits (continued) 


a Description 
No. Symbol Equivalent Circuit P 


Analog 1/O 


LceOLOdV 


Positive supply pins for the digital output drivers. 
These pins should be connected to a clean, quiet 
voltage source of +3V to +5V and be separately 
bypassed with 10uF capacitors. 


4. 27 The ground return for the analog supply. AGND and 
29 AGND DGND should be connected together close to the 
ADC10321 package. 
The ground return for the digital supply. AGND and 
6, 11 DGND DGND should be connected together close to the 
| ADC10321 pacjage. 


13, 20 DGND 1/O Ree The ground return of the digital output drivers. 6 


12, 21 
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ADC10461/ADC10462/ADC10464 


National Semiconductor 


ADC10461/ADC10462/ADC10464 a 
10-Bit 600 ns A/D Converter with Input Multiplexer and 
Sample/Hold 


General Description | Features 


Using an innovative, patented multistep* conversion tech- ™ Built-in sample-and-hold 
nique, the 10-bit ADC10461, ADC10462, and ADC10464 _~—s m _ Single +5V supply 
CMOS analog-to-digital converters offer sub-microsecond =m 1, 2, or 4-input multiplexer options 
conversion times yet dissipate a maximum of only 235 mW. —s = _ No external clock required 
The ADC10461, ADC 10462, and ADC 10464 perform a Speed adjust pin for faster conversions (ADC10462 and 
10-bit conversion in two lower-resolution “flashes”, thus ADC10464) 
yielding a fast A/D without the cost, power dissipation, and 
other problems associated with true flash approaches. Dy- 
namic performance (THD, S/N) is guaranteed. The 
ADC10461 is pin-compatible with the ADC1061 but much #® Conversion time to 10 bits 600 ns typical 
faster, thus providing a convenient upgrade path for the # Sampling Rate 800 kHz 
ADC1061. = Low power dissipation 235 mW (max) 
| 
| 


Key Specifications 


The analog input voltage to the ADC 10461, ADC10462, and Total harmonic distortion (50 kHz) —60 dB (max) 
ADC 10464 is sampled and held by an internal sampling cir- No missing codes over temperature 

cuit. Input signals at frequencies from dc to over 200 kHz 

can therefore be digitized accurately without the need for an Applications 

external sample-and-hold circuit. 


The ADC10462 and ADC10464 include a “speed-up” pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns with 
only a small increase in linearity error. ™ Mobile telecommunications 
For ease of interface to microprocessors, the ADC10461, Rete: “Ue or alan mumpenagiayr? 
ADC10462, and ADC10464 have been designed to appear 

as a memory location or I/O port without the need for exter- 

nal interface logic. 


m Digital signal processor front ends 
m Instrumentation 
m Disk drives 


Ordering Information 


Industrial Temp Range 
Package 
(-40°C < T, < +85°C) 
ADC20461CIWM M20B Small Outline 


ADC20462CIWM M24B Small Outline 
ADC20464CIWM M28B Small Outline 
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Connection Diagrams 
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DBS (MSB 
Vins J 19 
DS011108-10 VREF+ 14 
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ADC 10462 





DB1 
DB2 
DB3 


DGND 


Top View 


Pin Descriptions 


DVcc; AVcc These are the digital and analog positive sup- 


INT 


So, S1 


VReF- 
VREF+ 


ply voltage inputs. They should always be con- 
nected to the same voltage source, but are 
brought out separately to allow for separate 
bypass capacitors. Each supply pin should be 
bypassed with a 0.1 uF ceramic capacitor in 
parallel with a 10 uF tantalum capacitor to 
ground. 


This is the active low interrupt output. INT 
goes low at the end of each conversion, and 
returns to a high state following the rising edge 
of RD. 


This is the Sample/Hold control input. When 
this pin is forced low (and CS is low), it causes 
the analog input signal to be sampled and ini- 
tiates a new conversion. 


This is the active low Read control input. 
When this RD and CS are low, any data 
present in the output registers will be placed 
on the data bus. 


This is the active low Chip Select control input. 
When low, this pin enables the RD and S /H 
pins. 

On the multiple-input devices (ADC10462 and 
ADC10464), these pins select the analog input 
that will be connected to the A/D during the 
conversion. The input is selected based on the 
state of SO and Si when S /H makes its 
High-to-Low transition (See the Timing Dia- 
grams). The ADC10464 includes both SO and 
$1. The ADC10462 includes just SO, and the 
ADC10461 includes neither. 


These are the reference voltage inputs. They 
may be placed at any voltage between GND 
and Voc, but Veer, must be greater than 
Vrer_- An input voltage equal to Varr_ pro- 
duces an output code of 0, and an input volt- 
age equal to (Vper, — 1 LSB) produces an out- 
put code of 1023. 
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DBO (LSB) 


DB9 (MSB) 
SPEED ADJ 





DVog “41 O DBO (LSB) 
INT = 2 DB1 
S/H—4 3 DB2 
RD—4 4 DB3 
CS—45 DB4 
SO 4 6 DB5 
sj—q7  ADC10464 DB6 
AVeg 8 N.C. 
Verr- “4 9 DB7 
Vino | 10 DB8 
Ving yt DB9 (MSB) 
Vina oy 12 SPEED ADJ 
DS011108-14 VIN3 13 DGND 
Verrs —| 14 AGND 
DS011108-12 


Vin Vino» 
Vina Vines 
Vins 


GND, AGND, 
DGND 


DBO-—DB9 
SPEED ADJ 


Top View 


These are the analog input pins. The 
ADC10461 has one input (V,,), the ADC 10462 
has two inputs (Ving and Vix;), and the 
ADC10464 has four inputs (Vino, Ving, Vine 
and Vina). The impedance of the source 
should be less than 500Q for best accuracy 
and conversion speed. For accurate conver- 
sions, no input pin (even one that is not se- 
lected) should be driven more than 50 mV 
above Voc or 50 mV below ground. 


These are the power supply ground pins. The 
ADC10461 has a single ground pin (GND), 
and the ADC10462 and ADC10464 have 
separate analog and digital ground pins 
(AGND and DGND) for separate bypassing of 
the analog and digital supplies. The ground 
pins should be connected to a _ stable, 
noise-free system ground. For the devices 
with two ground pins, both pins should be re- 
turned to the same potential. 


These are the TRI-STATE output pins. 


(ADC10462 and ADC10464 only). This pin is 
normally left unconnected, but by connecting a 
resistor between this pin and ground, the con- 
version time can be reduced. See the Typical 
Performance Curves and the table of Electri- 
cal Characteristics. 
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ADC1061 


| AY vationat Semiconductor 


-ADC1061 
10-Bit High-Speed pP-Compatible A/D Converter with 
Track/Hold Function 


General Description Features 


Using a modified half-flash conversion technique, the 10-bit ™ 1.8 us maximum conversion time to 10 bits 
ADC1061 CMOS analog-to-digital converter offers very fast = Low power dissipation: 235 mW (maximum) 
conversion times yet dissipates a maximum of only 235 mW. sm Built-in track-and-hold 

The ADC1061 performs a 10-bit conversion in two @ No external clock required 

lower-resolution “flashes”, thus yielding a fast A/D without 
the cost, power dissipation, and other problems associated 
with true flash approaches. 


The analog input voltage to the ADC 1061 is tracked and held H ; 
by an internal sampling circuit. Input signals at frequencies Applications 

from DC to greater than 160 kHz can therefore be digitized  ™ Waveform digitizers 

accurately without the need for an external sample-and-hold ™ Disk drives 

circuit. = Digital signal processor front ends 
For ease of interface to microprocessors, the ADC1061 has & Mobile telecommunications 

been designed to appear as a memory location or I/O port 

without the need for external interface logic. 


Single +5V supply 
= No missing codes over temperature 


Simplified Block and Connection Diagrams 


DB9 (MSB) 
DB8 
DB7 


OUTPUT DB6 
LATCH 
AND DB5 
TRI=STATE DB4 
BUFFERS 


DB3 
DB2 
DBI 
DBO (LSB) 


INT 





DS010559-2 
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Simplified Block and Connection Diagrams (continued) 


L9OLOGV 


Dual-in-Line Package 
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ADC1061 PBs 
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4 
5 
6 
47 
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DB8 
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Top View 
Order Number 
ADC1061CIN or ADC1061CIWM 
See NS Package J20A, 
M20B or N20A 


Ordering Information 






These are the digital and analog positive supply voltage inputs. They should always be connected to the 
same voltage source, but are brought out separately to allow for separate bypass capacitors. Each 
supply pin should be bypassed with a 0.1 uF ceramic capacitor in parallel with a 10 uF tantalum 
capacitor. 
This is the active low interrupt output. INT goes low at the end of each conversion, and returns to a high 
state following the rising edge of RD . 


This is the Sample/Hold control input. When this pin is forced low, it causes the analog input signal to be 
sampled and initiates a new conversion. 












This is the active low Read control input. When this pin is low, any data present in the ADC1061’s output 
registers will be placed on the data bus. In Mode 2, the Read signal must be low until INT goes low. Until 
INT goes low, the data at the output pins will be incorrect. 


CS (5) This is the active low Chip Select control input. This pin enables the S /H and RD inputs. 


These are the reference voltage inputs. They may be placed at any voltage between GND — 50 mV and 
Voc + 50 mV, but Vaer, must be greater than Vaer_. An input voltage equal to Vaer_ produces an 
output code of 0, and an input voltage equal to Vac-, — 1LSB produces an output code of 1023. 
This is the analog input pin. The impedance of the source should be less than 500Q for best accuracy 
and conversion speed. To avoid damage to the ADC 1061, Vi, should not be allowed to extend beyond 
the power supply voltages by more than 300 mV unless the drive current is limited. For accurate 
conversions, V,,, should not extend more than 50 mV beyond the supply voltages. 


GND (10) This is the power supply ground pin. The ground pin should be connected to a “clean” ground reference 
point. 


DBO-—DB9 These are the TRI-STATE output pins. 
(11-20) 
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ADC10662/ADC 10664 


AY vationat Semiconductor 


-ADC10662/ADC10664 


10-Bit 360 ns A/D Converter with Input Multiplexer and 


-~Sample/Hold 


General Description 


Using an innovative, patented multistep* Conversion tech- 
nique, the 10-bit ADC10662 and ADC10664 are 2- and 
4-input CMOS _ analog-to-digital converters offering 
sub-microsecond conversion times yet dissipating a maxi- 
mum of only 235 mW. The ADC10662 and ADC10664 per- 
form a 10-bit conversion in two lower-resolution “flashes”, 
thus yielding a fast A/D without the cost, power dissipation, 
and other problems associated with true flash approaches. 


In addition to standard static performance specifications. 


(Linearity, Full-Scale Error, etc.) dynamic performance (THD, 
S/N) is guaranteed. 

The analog input voltage to the ADC10662 and ADC 10664 is 
sampled and held by an internal sampling circuit. Input sig- 


_ nals at frequencies from dc to over 250 kHz can therefore be 


digitized accurately without the need for an external 
sample-and-hold circuit. 


The ADC10662 and ADC10664 include a “speed-up” pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 360 ns. 


For ease of interface to microprocessors, the ADC10662 and 
ADC10664 have been designed to appear as a memory lo- 
cation or I/O port without the need for external interface 
logic. 


Ordering Information 
ADC10662. 












Industrial 
(-40° C<T,s +85" o) 


ADC10662CIWM M24B Small Outline 


Package 
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Features 

= Built-in sample-and-hold 

m@ Single +5V supply 

m@ 2- or 4-input multiplexer options 
m No external clock required 


Key Specifications 

= Conversion time to 10 bits: 
max over temperature 

# Sampling Rate: 1.5 MHz (min) 

= Low power dissipation: 235 mW (max) 

m Total harmonic distortion (50 kHz): -60 dB (max) 

m= No missing codes over temperature 


360 ns typical, 466 ns 


Applications 

m Digital signal processor front ends 
= Instrumentation. 

m Disk drives 

™ Mobile telecommunications 


ADC10664 


Industrial 


Pack 
(-40°C < T, < +85°C) satis oe 





ADC10664CIWM M28B Small Outline 
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Simplified Block Diagram 










DB9 (MSB) 
DB8 
DB7 
DB6 


6-Bit Flash A/D 
(6 MSBs) 













OUTPUT 

















LATCH DB5 
6-Bit DAC AND 
TRI-STATE 
BUFFERS ; DB3 










DB2 
DB1 
DBO (LSB) 


AVoc 





4-Bit Flash A/D 
(4 LSBs) 







DVoc 


SPEED 
ADJ 


i 


TIMING AND | TIMING AND ConTROL ciRCUITRY | ; el 


GND* AGND DGND CS RD S/H so. sit* 


DS011192-9 


*ADC10664 Only 


Connection Diagrams 





10 DBO (LSB) 
DVee 41 O DBO (LSB) 2 DBI 
INT —4 2 DB1 3 DB2 
S/H—43 DB2 4 DB3 
RD—4 4 DB3 5 DB4 
CS—45 DB4 6 DBS 
SOm96 apc 10662 DB5 7  ADC10664 DBE 
Meo—47 DB6 8 N.C. 
Verr-—1 8 DB7 9 DB7 
Vino] 9 DB8 DB8 
Vint 10 DB9 (MSB) DB9 (MSB) 
VRreF+—y | SPEED ADJ SPEED ADJ 
AGND 4 12 DGND DGND 
AGND 
DS011192-10 
Top View DS011192-11 


Top View 
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p990LOdVv/c990 Lodv 





ADC10662/ADC10664 


Pin Descriptions 


DVce: 
Vcc 


SO, S1 


Ver 
VREF+ 
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These are the digital and analog positive sup- _ 


ply voltage inputs. They should always be con- 


nected to the same voltage source, but are ~ 


brought out separately to allow for separate 
bypass capacitors. Each supply pin should be 
bypassed with a 0.1 yF ceramic capacitor in 
parallel with a 10 uF tantalum capacitor to 
ground. 


This is the active low interrupt output. INT 
goes low at the end of each conversion, and 
returns to a high state following the rising edge 
of RD. 


This is the Sample/Hold control input. When 
this pin is forced low (and CS is low), it causes 
the analog input signal to be sampled and ini- 
tiates a new conversion. 


This is the active low Read control input. 
When this RD and CS are low, any. data 
present in the output registers will be placed 
on the data bus. 


This is the active low Chip Select control input. 
When low, this pin enables the RD and S /H 
pins. 

These pins select the analog input that will be 
connected to the A/D during the conversion. 
The input is selected based on the state of SO 
and S1 when S /H makes its High-to-Low tran- 
sition (See the Timing Diagrams). The 
ADC10664 includes both SO and $1. The 
ADC10662 includes just SO. 


These are the reference voitage inputs. They 
may be placed at any voltage between GND 
and Vcc, but Vref, must be greater than 
Veer_- An input voltage equal to Varcr_ pro- 
duces an output code of 0, and an input volt- 
age equal to (Veer, — 1 LSB) produces an out- 
put code of 1023. 
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Vino: Vina 
Vine Vins 


GND, AGND, 
DGND 


DBO-DB9 


SPEED 
ADJ 


These are the analog input pins. The 
ADC10662 has two inputs (Vino and Vin) and 
the ADC10664 has four inputs (Vino, Vina: 
Vine and Ving). The impedance of the source 
should be less than 500Q for best accuracy 
and conversion speed. For accurate conver- 
sions, no input pin (even one that is not se- 
lected) should be driven more than 50 mV 
above Vcc or 50 mV below ground. 


These are the power supply ground pins. The 
ADC10662 and ADC10664 have separate 
analog and digital ground pins (AGND and 
DGND) for separate bypassing of the analog 
and digital supplies. The ground pins should 
be connected to a stable, noise-free system 
ground. Both pins should be returned to the 
same potential. 


These are the TRI-STATE output pins. 


By connecting a resistor between this pin and 
ground, the conversion time can be reduced. 
The specifications listed in the table of Electri- 
cal Characteristics apply for a speed adjust re- 
sistor (Rsga) equal to 14.0 kQ (Mode 1) or 8.26 
kQ (Mode 2). See the Typical Performance 
Curves and the table of Electrical 
Characteristics. 


AY vational Semiconductor 


ADC10731/ADC10732/ADC10734/ADC10738 
10-Bit Plus Sign Serial I/O A/D Converters with Mux, 
Sample/Hold and Reference 


General Description 


This series of CMOS 10-bit plus sign successive approxima- 
tion A/D converters features versatile analog input multiplex- 
ers, sample/hold and a 2.5V band-gap reference. The 1-, 2-, 
4-, or 8-channel multiplexers can be software configured for 
single-ended or differential mode of operation. 


An input sample/hold is implemented by a capacitive refer- 
ence ladder and sampled-data comparator. This allows the ads : 
analog input to vary during the A/D conversion cycle. Key Specifications 


Software or hardware power down 

Analog input sample/hold function 
Ratiometric or absolute voltage referencing 
No zero or full scale adjustment required 
No missing codes over temperature 
TTL/CMOS input/output compatible 
Standard DIP and SO packages 


BHESssE: 
8EZOLOAGVW/vEZOLOGV/cEZOLOGVW/LEZOLOQV 





In the differential mode, valid outputs are obtained even am Resolution 10 bits plus sign 
when the negative inputs are greater than the positive be- Single supply 5V 
cause of the 10-bit plus sign output data format. = Power dissipation 37 mW (Max) 
The serial I/O is configured to comply with the NSC MI- sg fn powerdown mode 18 pW 
CROWIRE™ serial data exchange standard for easy inter- Conversion tine Sus (Max) 
face to the COPS™ and HPC™ families of controllers, and = Sampling rate 74 kHz (Max) 
can easily interface with standard shift registers and micro- esha isrencs OB 2% (Max) 
processors. gap rere 5V +2% x 


m Medical instruments 


m OV to 5V analog input range with single 5V power 
m Portable and remote instrumentation 


supply | 
= Serial I/O (MICROWIRE compatible) m Test equipment | 
m 1-, 2-, 4-, or 8-channel differential or single-ended 

multiplexer 


ADC10738 Simplified Block Diagram 
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ADC10731/ADC10732/ADC10734/ADC10738 


Connection Diagrams 


AV+ DV+ 





ed AVt 44 DV+ 
cs VpeFOUT CHO —4 2 Vper OUT 
(+) eR CHI—43 cS 
- ADC 10731 ie CH2 44 DI 
CH3 415 CLK 
ee VREF ~ ese Ys SARS 
DGND Veer t COM 7 DO 
N.C. - AGND en os 
DS011390-2 DGND 9 Veer t 
Top View . N.C. 410 AGND 





See NS Package Number M16B 


DS011390-4 


Top View 
See NS Package Number M20B 
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ADC 10732 ae sa 
N.C. 6 SARS CH4 6 SARS 
sods 6 ae © ADC10738 - 
DGND 49 Vrer * cH7 49 Veer t 
N.C. 410 AGND COM AGND 
DS011390-3 PD N.C. 
Top View | DGND N.C. 
See NS Package Number M20B 
DS011390-5 


Top View 
See NS Package Number M24B 


SSOP Package 
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See NS Package Number MSA20 
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Ordering Information 


Industrial Temperature Range Package 
-40°C < T, < +85°C 


ADC10731CIWM 
ADC10732CIWM 
ADC10734CIMSA 
ADC10734CIWM 
ADC10738CIWM 


Pin Descriptions 


CLK 


DI 


DO 


PD 


SARS 


CHO-CH7 


COM 


Verert 


The clock applied to this input controls the suc- 
cessive approximation conversion time interval, 
the acquisition time and the rate at which the se- 
rial data exchange occurs. The rising edge loads 
the information on the DI pin into the multiplexer 
address shift register. This address controls 
which channel of the analog input multiplexer 
(MUX) is selected. The falling edge shifts the 
data resulting from the A/D conversion out on 
DO. CS enables or disables the above functions. 
The clock frequency applied to this input can be 
between 5 kHz and 3 MHz. 


This is the serial data input pin. The data applied 
to this pin is shifted by CLK into the multiplexer 
address register. Tables 1, 2, 3 show the multi- 
plexer address assignment. 


The data output pin. The A/D conversion result 
(DBO-SIGN) are clocked out by the failing edge 
of CLK on this pin. 


This is the chip select input pin. When a logic low 
is applied to this pin, the rising edge of CLK 
shifts the data on DI into the address register. 
This low also brings DO out of TRI-STATE after 
a conversion has been completed. 


This is the power down input pin. When a logic 
high is applied to this pin the A/D is powered 
down. When a low is applied the A/D is powered 
up. 

This is the successive approximation register 
status output pin. When CS is high this pin is in 
TRI-STATE. With CS low this pin is active high 
when a conversion is in progress and active low 
at all other times. 


These are the analog inputs of the MUX. Achan- 
nel input is selected by the address information 
at the DI pin, which is loaded on the rising edge 
of CLK into the address register (see Tables 1, 2, 
3). 

The voltage applied to these inputs should not 
exceed AV* or go below GND by more than 
50 mV. Exceeding this range on an unselected 
channel will corrupt the reading of a selected 
channel. 


This pin is another analog input pin. It can be 
used as a “pseudo ground” when the analog 
multiplexer is single-ended. 


This is the positive analog voltage reference in- 
put. In order to malntaln accuracy, the voltage 
range Veer (Vrer = Vaert—Vrer—) is 0.5 Vocto 
5.0 Voc and the voltage at Vae-+ cannot exceed 
AV* +50 mV. 
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VRer— 


AV*, DVt 


DGND 
AGND 





The negative voltage reference input. In order to 
maintain accuracy, the voltage at this pin must 
not go below GND —- 50 mV or exceed AV* 
+ 50 mV. 

These are the analog and digital power supply 
pins. These pins should be tied to the same 
power supply and bypassed separately. The op- 
erating voltage range of AV* and DV‘ is 4.5 Voc 
to 5.5 Voc. 

This is the digital ground pin. 

This is the analog ground pin. 
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ADC1173 


AY vational Semiconductor 


ADC1173 | 
8-Bit, 3-Volt, 15MSPS, 33mW A/D Converter 


General Description | | Key Specifications 
The ADC1173 is a low power, 15 MSPS analog-to-digital 


ager ibe @ Resolution 8 Bits 
converter that digitizes signals to 8 bits while consuming just 
33 mW of power (typ). The ADC1173 uses a unique architec- | ™ Maximum Sampling Frequency 15 MSPS (min) 
ture that achieves 7.6 Effective Bits. Output formatting is m@ THD —56 dB (typ) 
straight binary coding. | m DNL +0.8 LSB (max) 
The excellent DC and AC characteristics of this device, to- m ENOB at 3.58 MHz Input 7.6 Bits (typ) 
gether with its low power consumption and +38V single supply met 
operation, make it ideally suited for many video, imaging and _™ Guaranteed No Missing Codes 
communications applications, including use in portable m Differential Phase 0.5 Degree (max) 
equipment. Furthermore, the ADC 1173 is resistant to latchup @ Differential Gain 1.5% (typ) 
and the outputs are short-circuit proof. The top and bottom of = Power Consumption 33mW (typ) 


the ADC1173’s reference ladder is available for connections, 
enabling a wide range of input possibilities. | (excluding reference current) 


The ADC1173 is offered in SOIC (EIAJ) and TSSOP. It is de- : . 
signed to operate over the commercial temperature range of Applications 


-20°C to +75°C. m Video Digitization 
# Digital Still Cameras 
Features m Set Top Boxes 
m Internal Sample-and-Hold Function = Camcorders 
@ Single +3V Operation m= Personal Computer Video 
m Internal Reference Bias Resistors m Digital Television 
m Industry Standard Pinout = CCD Imaging 
m@ TRI-STATE® Outputs m Electro-Optics 


Ordering Information 


ADOTITACIMTOX 






Pin Configuration 


OE 


1 
DVo5 42 
DO (LSB) 43 
bDi—44 
D2—45 
saa ADC1173 7 
D447 18 
Ds —48 
D649 
D7 (MSB) 
DVpp 


CLK 





DS100890-1 
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Block Diagram 


DVnp 
AVpp 
VRTS 
VRT 


ENCODER 
& ERROR 
CORRECTION 


COARSE/FINE 
COMPARATORS 


ps 


OUTPUT DATA 
SN TEES DRIVERS OUT 
COARSE/FINE pimase = 
COMPARATORS ei a 
CORRECTION 
VRB i 
une? CLOCK 
GEN 


(pin 2) 
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Pin Descriptions and Equivalent Circuits 


Pi Symbol ivalent Circuit 


Analog signal input. Conversion range is Vas to 


19 
Vat: 


Reference Top Bias with internal pull-up resistor. 
Short this pin to V,_ to self bias the reference 
ladder. 


16 


Analog Input that is the high (top) side of the 
reference ladder of the ADC. Nominal range is 1.0V 
to AVpp. Voltage on Va; and Vaz inputs define the 
Vin Conversion range. Bypass well. See Section 2.0 
for more information. 


Analog Input that is the low (bottom) side of the 
reference ladder of the ADC. Nominal range is 0V 
to 2.0V. Voltage on Vary and Vaz inputs define the 
Vin Conversion range. Bypass well. See Section 2.0 
for more information. 


17 


23 
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EZLLOGV 





ADC1173 


Pin Descriptions and Equivalent Circuits (Continuea) 


Equivalent Circuit 


AVgg 


Pin Symbol 
No. 
- 
12 CLK 
3 thru | 
10 DO-D7 
_ 
: " 
14, 
. : 
= : 
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Description 


Reference Bottom Bias with internal pull down 
resistor. Short to Vaz to self bias the reference 
ladder. 


CMOS/TTL compatible Digital input that, when low, 
enables the digital outputs of the ADC1173. When 
high, the outputs are in a high impedance state. 


CMOS/TTL compatible digital clock Input. Vj, is 
sampled on the falling edge of CLK input. | 


Conversion data digital Output pins. DO is the LSB, 
D7 is the MSB. Valid data is output just after the 
rising edge of the CLK input. These pins are 
enabled by bringing the OE pin low. 


Positive digital supply pin. Connect to a clean, quiet 


voltage source of +3V. AVpp and DVpp should have 
a common source and be separately bypassed with 
a 10uF capacitor and a 0.1yF ceramic chip 
capacitor. See Section 3.0 for more information. 


The ground return for the digital supply. AVgg and 
DVss should be connected together close to the 
ADC1173. 


Positive analog supply pin. Connected to a clean, 
quiet voltage source of +38V. AVpp and DVpp should 
have a common source and be separately bypassed 
with a 10 pF capacitor and a 0.1 uF ceramic chip 
capacitor. See Section 3.0 for more information. 
The ground return for the analog supply. AVss and 
DVss should be connected together close to the 
ADC1173 package. 


National Semiconductor 


ADC1175 
8-Bit, 2OMHz, 6(OmW A/D Converter 


General Description Key Specifications 
The ADC1175 is a low power, 20 Msps analog-to-digital con- 


ee ; cae m Resolution 8 Bits 
verter that digitizes signals to 8 bits while consuming just 60 
mW of power (typ). The ADC1175 uses a unique architecture  ™ Maximum Sampling Frequency 20 Msps (min) 
that achieves 7.5 Effective Bits. Output formatting is straight @ THD —55 dB (typ) 
binary coding. m@ DNL 0.75 LSB (max) 
The excellent DC and AC characteristics of this device, to- = ENOB 7.5 Bits (typ) 
gether with its low power consumption and +5V single supply — 
operation, make it ideally suited for many video, imaging and _™ Guaranteed No Missing Codes 
communications applications, including use in portable mw Differential Phase 0.5 Degree (typ) 
equipment. Furthermore, the ADC 1175 is resistant to latchup m@ Differential Gain 0.7% (typ) 
and the outputs are short-circuit proof. The top and bottom of m Power Consumption 6OmW (typ) 


the ADC1175’s reference ladder is available for connections, 
enabling a wide range of input possibilities. (excluding reference current) 


The ADC1175 is offered in SOIC (EIAJ) and TSSOP. It is de- ‘ : 
signed to operate over the commercial temperature range of Applications 


- -20°C to +75°C. m Video Digitization 
= Digital Still Cameras 
Features = Set Top Boxes 
m Internal Sample-and-Hold Function = Communications 
m@ Single +5V Operation = Medical Imaging 
m Internal Reference Bias Resistors m Personal Computer Video Cameras 
m™ Industry Standard Pinout m Digital Television 
@ TRI-STATE Outputs ™ CCD Imaging 


m Electro-Optics 


Ordering Information 


ADC1175CIJM SOIC (EIAJ) 
ADC1175CIJMX SOIC (EIAuJ) (tape & reel) 


ADC1175CIMTC TSSOP 
ADC1175CIMTCX TSSOP (tape & reel) 


Pin Configuration 





ADC1175 Pin Configuration 


1 
ADC1175 
1 


oO On DOD OO FF W NYY 


D6 

D7 (MSB) 
DVpp 
CLK 





DS$100092-1 
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ADC1175 


Block Diagram 


AVpp 


VRTS 
VRT 


VRB 
VRBS 


AVcsc 


SWITCHES 


AVpp 





DVpp (pin 11) 


ENCODER 
& ERROR 
CORRECTION 


COARSE/FINE 
COMPARATORS 


OUTPUT DATA 
DRIVERS OUT 


ENCODER = 
& ERROR OE 
CORRECTION 


COARSE/FINE 
COMPARATORS 


(pin 2) 
DS$100092-2 


Pin Descriptions and Equivalent Circuits 


Pj i : : sient 
ee Equivalent Circuit Description 


19 


16 


17 


23 
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Analog signal input. Conversion range is Vaz to 
Vat: 


Reference Top Bias with internal pull-up resistor. 
Short this pin to V_z to self bias the reference 
ladder. 


Analog Input that is the high (top) side of the 
reference ladder of the ADC. Nominal range is 1.0V 
to AVpp. Voltage on Vay and Vaz inputs define the 
Vin Conversion range. Bypass well. See Section 2.0 
for more information. 


Analog Input that is the low (bottom) side of the 
reference ladder of the ADC. Nominal range is 0V 
to 4.0V. Voltage on Vary and Vpp inputs define the 
Vin Conversion range. Bypass well. See Section 2.0 
for more information. 
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Pin Descriptions and Equivalent Circuits (continued) 


Pin 
No. 


22 


12 


3 thru 
10 


11, 13 


2, 24 


14, 
15, 18 


20, 21 


Symbol Equivalent Circuit 


AVpp 
Vass 
AYgg 


CLK 


DO0-D7 


DVop 


AVop 


DVpp 


DVoc 


DYpp 
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Description 


Reference Bottom Bias with internal pull down 
resistor. Short to Vaz to self bias the reference 


ladder. 


CMOS/TTL compatible Digital input that, when low, 
enables the digital outputs of the ADC1175. When 
high, the outputs are in a high impedance state. 


CMOS/TTL compatible digital clock Input. 
sampled on the falling edge of CLK input. 


Vin is 


Conversion data digital Output pins. DO is the LSB, 
D7 is the MSB. Valid data is output just after the 
rising edge of the CLK input. These pins are 


enabled by bringing the OE pin low. 


Positive digital supply pin. Connect to a clean, quiet 
voltage source of +5V. AVpp and DVpp should have 
a common source and be separately bypassed with 
a 10uF capacitor and a 0.1yF ceramic chip 
capacitor. See Section 3.0 for more information. 

The ground return for the digital supply. AVsg and 
DVsg should be connected together close to the 


ADC1175. 


Positive analog supply pin. Connected to a clean, 
quiet voltage source of +5V. AVpp and DVpp should 
have a common source and be separately bypassed 
with a 10 uF capacitor and a 0.1 uF ceramic chip 
capacitor. See Section 3.0 for more information. 


The ground return for the analog supply. AVgg and 
DV ss should be connected together close to the 


ADC1175 package. 


www.national.com 


SZLLOGV 





ADC1175-50 





ADC1175-50 


AY national Semiconductor 


8-Bit, 50 MSPS, 125 mW A/D Converter 


General Description 


The ADC1175-50 is a low power, 50 MSPS analog-to-digital 
converter that digitizes signals to 8 bits while consuming just 
125 mW (typ). The ADC1175-50 uses a unique architecture 
that achieves 6.8 Effective Bits at 25 MHz input and 50 MHz 
clock frequency. Output formatting is straight binary coding. 


The excellent DC and AC characteristics of this device, to- 
gether with its low power consumption and +5V single supply 
operation, make it ideally suited for many video and imaging 
applications, including use in portable equipment. Further- 
more, the ADC1175-50 is resistant to latch-up and the out- 
puts are short-circuit proof. The top and bottom of the 
ADC1175-50’s reference ladder is available for connections, 
enabling a wide range of input possibilities. The low input ca- 
pacitance (7 pF, typical) makes this device easier to drive 
than conventional flash converters and the power down 
mode reduces power consumption to less than 5 mW. 


The ADC1175-50 is offered in SOIC (EIAJ), TSSOP and LLP. 
It is designed to operate over the commercial temperature 
range of —-20°C to +75°C. 


Features 


mw Internal Track-and-Hold function 
@ Single +5V operation 
m Internal reference bias resistors 


Connection Diagram 


PD 
DV'ss 

DO (LSB) 
D1 

D2 

D3 

D4 

D5 

D6 

D7 (MSB) 
DVpp 
CLK 


ADC1175-50 


1 

2 
3 
4 
5 
6 
7 
8 


—-lUhU rl Oc h/a— 
|) ae 





DS100896-1 


Top View 


Ordering Information 


m Industry standard pinout 
m Power-down mode (<5 mW) 


Key Specifications 


m™ Resolution 8 Bits 
= Maximum Sampling Frequency 50 MSPS (min) 
= THD 54 dB (typ) 
@ DNL | 0.7 LSB (typ) 
m ENOB @ fy = 25 MHz 6.8 Bits (typ) 
m Guaranteed No Missing Codes 

m Differential Phase 0.5° (typ) 
= Differential Gain 1.0% (typ) 
= Power Consumption 125 mW (typ), 190 mW (max) 


(Excluding Reference Current) 


Applications 
= Digital Still Cameras 
= CCD Imaging 
Electro-Optics 
Medical Imaging 
Communications 
Video Digitization 
Digital Television 
Multimedia 


Vos 
AVgg 
VIN 


Vet 


Vets 


C1] 
a 
C4 
CO 
C4 
= 


EOOOUOUUE 





DS100896-34 


Bottom View 


ADC1175-50CIJM SOIC (EIAU) — 
ADC1175-50CIJMX SOIC (EIAu) (tape and reel) 
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Ordering Information (Continued) 


ADC1175-50CIMT 


ADC1175-50CIMTX TSSOP (tape and reel) 


ADC1175-50CILQ LLP (tape and reel - 1, 000 units) 
ADC1175-50CILQX LLP (tape and reel - 4, 500 units) 





Block Diagram 


AYpp = DV (pin 11) 


AVpp 


VRTS 
VRT 
ENCODER 
& ERROR 

CORRECTION 


COARSE/FINE 
COMPARATORS 


OUTPUT DATA 
DRIVERS OUT 





a COARSE/FINE Peers 
COMPARATORS A ARRECHON 
VRB 
VRBS 
AVgg 
CLK Vin PD Aves DVeg Dg 
(pin 2) 


DS100896-2 


Pin Descriptions and Equivalent Circuits (LLP pins in parentheses) 


Pin 
No Symbol Equivalent Circuit Description 


19 Analog signal input. Conversion range is Vpz to 
Vin 

(17) Ven: 

16 Reference Top Bias with internal pull up resistor. 

(14) Vats Short this pin to Vp; to self-bias the reference 


ladder. 
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ADC1175-50 


Pin Descriptions and Equivalent Circuits (LLP pins in parentheses) (Continued) 


Equivalent Circuit 


Pin 
No. Symbol 


17 
(15) 


23 
(21) 


22 
(20) 


(23) 


12 
(10) 
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Description 


Analog input that is the high (top) side of the _—s. 
reference ladder of the ADC. Nominal range is 1.0V 
to AVpp, Optimized value of 2.6V. Voltages on Var 
and Vaz inputs define the V,, Conversion range. 
Bypass well. See Section 2.0 for more information. 


Analog input that is the low (bottom) side of the 
reference ladder of the ADC. Nominal range is 0.0V 
to 4.0V, with optimized value of 0.6V. Voltage on 
Var and Vag inputs define the V,, conversion 
range. Bypass well. See Section 2.0 for more 
information. 


Reference Bottom Bias with internal pull down 
resistor. Short to Vaz to self-bias the reference 
ladder. Bypass well if not grounded. See Section 
2.0 for more information. 


CMOS/TTL compatible Digital input that, when high, 
puts the ADC1175-50 into a power-down mode 
where total power consumption is typically less than 
5 mW. With this pin low, the device is in the normal 
operating mode. 


CMOS/TTL compatible digital clock input. Vj, is 
sampled on the falling edge of CLK input. 


Conversion data digital Output pins. DO is the LSB, 
D7 is the MSB. Valid data is output just after the 
rising edge of the CLK input. These pins are in a 
high impedance mode when the PD pin is low. 


Pin Descriptions and Equivalent Circuits (tP pins in parentheses) (Continued) 


0S-SZLLOGV 





44 Positive digital supply pin. Connect to a clean, quiet 
voltage source of +5V. AVpp and DV,, should have 

13, 14 

(9, 14, DVpp a common source and be separately bypassed with 
12) a 10 HF capacitor and a 0.1 uF ceramic chip 

capacitor. See Section 4.0 for more information. 

2, 24 The ground return for the digital supply. AVgg and 
(22, DVss DVss should be connected together close to the 
24) ADC1175-50. 

Positive analog supply pin. Connect to a clean, 

15, 18 quiet voltage source of +5V. AVpp and DVpp should 
(13, AVpp have a common source and be separately bypassed 
16) with a 10 UF capacitor and a 0.1 uF ceramic chip 

capacitor. See Section 4.0 for more information. 6 

20, 21 The ground return for the analog supply. AVssg and 
(18, AVss DVss should be connected together close to the 
19) ADC1175-50 package. 
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ADC12H030/ADC12H032/ADC12H034/ADC12H038, ADC12030/ADC12032/ADC12034/ADC12038 


A vational Semiconductor 


ADC12H030/ADC12H032/ADC12H034/ADC12H038, 
ADC12030/ADC12032/ADC12034/ADC12038 
Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converters with MUX and Sample/Hold 


General Description 


The ADC12030, and ADC12H030 families are 12-bit plus 
sign successive approximation A/D converters with serial I/O 
and configurable input multiplexers. The ADC12032/ 
ADC12H032, ADC12034/ADC12H034 and ADC12038/ 
ADC12H038 have 2, 4 and 8 channel multiplexers, respec- 
tively. The differential multiplexer outputs and A/D inputs are 
available on the MUXOUT1, MUXOUT2, A/DIN1 and A/DIN2 
pins. The ADC12030/ADC12H030 has a two channel multi- 
plexer with the multiplexer outputs and A/D inputs internally 
connected. The ADC12030 family is tested with a 5 MHz 
clock, while the ADC12H030 family is tested with an 8 MHz 
clock. On request, these A/Ds go through a self calibration 
process that adjusts linearity, zero and full-scale errors to 
less than +1 LSB each. 


The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or 
pseudo-differential modes. A fully differential unipolar analog 
input range (OV to +5V) can be accommodated with a single 
+5V supply. In the differential modes, valid outputs are ob- 
tained even when the negative inputs are greater than the 
positive because of the 12-bit plus sign output data format. 
The serial I/O is configured to comply with the 
NSC MICROWIRE™. For voltage references see the 
LM4040 or LM4041. 
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Features 

= Serial I/O (MICROWIRE Compatible) 

m 2, 4, or 8 channel differential or single-ended multiplexer 
Analog input sample/hold function 

Power down mode 

Variable resolution and conversion rate 
Programmable acquisition time 

Variable digital output word length and format 

No zero or full scale adjustment required 

Fully tested and guaranteed with a 4.096V reference 
OV to 5V analog input range with single 5V power 
supply 

m No Missing Codes over temperature 


Key Specifications 
m™ Resolution 
m™ 12-bit plus sign conversion time 


12-bit plus sign 


— ADC12H030 family 5.5 us (max) 

— ADC12030 family 8.8 ys (max) 
m@ 12-bit plus sign throughput time 

— ADC12H030 family 8.6 us (max) 

— ADC12030 family 14 us (max) 
m Integrai linearity error +1 LSB (max) 
m Single supply 5V +10% 
= Power dissipation 33 mW (max) 

— Power down 100 pW (typ) 
Applications 


= Medical instruments 
m Process control systems 
| Test equipment 
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ADC12038 Simplified Block Diagram 


Address Latch 


CHO FT | 
CH1 fT | 


CH3 1 | Analog 
Input 
cH4 LJ Multiplexer 


CH5 E | 
CHE f_| 
CH7 [| 
CoM f_] 





MUXOUT1 [7] 


A/bdIN1 
MUXOUT2 [ 


A/DIN2 


Vat C}— 
C— 


Vp + 


io 


DGND AGND 


Connection Diagrams 


16-Pin Wide Body 
SO Packages 


CHO 
CH 
COM 


DOR ADC12030 
FOC ADC 12H030 
VREF 7 


Veer t 
DGND 





‘DS011354-6 


Top View 


Ly al 


rol NM: ee ed 


y 
Cae TT 
DAC 
x) 


PD —- CONV CCLK SCLK 
a gi x Ld 


coe 

apy: f° 

ae at mor 
Comparator i | 1 D0 





Buffer 





Se 


~Main 
DAC 


y | 3 -Correction 


DAC 
+Correction ae 
DAC 





a i 
Vrer* = VRer~ 
DS$011354-1 
20-Pin Wide Body 
SO Packages 
CHO 11 Vpt 
CH1—42 = CCLK 
COM 43 SCLK 
MUXOUT1 =—4 4 DI 
A/DINt——15 = apnc12032 DO 
MUXOUT2 fg ADC12HO32 ts 
A/DIN2 17 CONV 
Vacrp— 48 EOC 
Verret 19 DOR 
DGND 410 Vat 





DS011354-7 


Top View 


6-81 www.national.com 


SE07TLOAV/PENTLOAW/ZEN7LOAV/OE0ZLOAV ‘8E0HZLOAW/pE0OHZLOdV/ZE0HZ LOAV/OE0HZLOdV 





ADC12H030/ADC12H032/ADC12H034/ADC12H038, ADC12030/ADC12032/ADC12034/ADC12038 


Connection Diagrams (continuea) 


28-Pin Wide Body 
SO Packages 


24-Pin Wide Body 


SO Packages . | cHo 41 
| | CHi 42 
CHO 1 cH2—43 
CHI 42 CH3 44 
CH2 13 CH4—45 
cHs 4 ons 
COM 1S CHE 47 2 
MUXOUT1 46 1 ADC12038 
ADC 12034 aig CH7—48 apc12HO38 
A/DIN‘ "47 =ADC12H034 COM 
MUXOUT2 —4 8 arte 
A/DIN2 fain 
VREF~ MUXOUT2 
Vrert A/DIN2 
DGND Taub 





DS011354-8 

DS011354-9 

Top View . 
P Top View 


Ordering Information 


industrial Temperature Range 
-40°C < T, < +85°C 


Package 


M16B 





Pin Descriptions 


CCLK The clock applied to this input controls the 
sucessive approximation conversion time 
interval and the acquisition time. The rise 
and fall times of the clock edges should not 


exceed 1 us. 


This is the serial data clock input. The clock 
applied to this input controls the rate at 
which the serial data exchange occurs. The 
rising edge loads the information on the DI 
pin into the multiplexer address and mode 
select shift register. This address controls 
which channel of the analog input multi- 
plexer (MUX) is selected and the mode of 
operation for the A/D. With CS low the fall- 
ing edge of SCLK shifts the data resulting 
from the previous ADC conversion out on 
DO, with the exception of the first bit of data. 
When CS is low continously, the first bit of 
the data is clocked out on the rising edge of 
EOC (end of conversion). When CS is 
toggled the falling edge of CS always clocks 
out the first bit of data. CS should be 
brought low when SCLK is low. The rise and 
fall times of the clock edges should not ex- 
ceed 1 us. 

DI This is the serial data input pin. The data ap- 
plied to this pin is shifted by the rising edge 
of SCLK into the multiplexer address and 


SCLK 
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DO 


EOC 


mode select register. Table 2 through Table 
5 show the assignment of the multiplexer 
address and the mode select data. 


The data output pin. This pin is an active 
push/pull output when CS is low. When CS 
is high, this output is TRI-STATE. The A/D 
conversion result (D0—D12) and converter 
status data are clocked out by the falling 
edge of SCLK on this pin. The word length 
and format of this result can vary (see Table 
1). The word length and format are con- 
trolled by the data shifted into the multi- 
plexer address and mode select register 
(see Table 5). 


This pin is an active push/pull output and in- 
dicates the status of the ADC12030/2/4/8. 
When low, it signals that the A/D is busy with 
a conversion, auto-calibration, auto-zero or 
power down cycle. The rising edge of EOC 
signals the end of one of these cycles. 


This is the chip select pin. When a logic low 
is applied to this pin, the rising edge of 
SCLK shifts the data on DI into the address 
register. This low also brings DO out of 
TRI-STATE. With CS low the falling edge of 
SCLK shifts the data resulting from the pre- 
vious ADC conversion out on DO, with the 


Pin Descriptions (Continued) 


CONV 


PD 


CHO-—CH7 


COM 


exception of the first bit of data. When CS is 
low continously, the first bit of the data is 
clocked out on the rising edge of EOC (end 
of conversion). When CS is toggled the fall- 
ing edge of CS always clocks out the first bit 
of data. CS should be brought low when 
SCLK is low. The falling edge of CS resets a 
conversion in progress and starts the se- 
quence for a new conversion. When CS is 
brought back low during a conversion, that 
conversion is prematurely terminated. The 
data in the output latches may be corrupted. 
Therefore, when CS is brought back low 
during a conversion in progress the data 
output at that time should be ignored. CS 
may also be left continuously low. In this 
case it is imperative that the correct number 
of SCLK pulses be applied to the ADC in or- 


der to remain synchronous. After the ADC . 


supply power Is applied it expects to see 13 
clock pulses for each I/O sequence. The 
number of clock pulses the ADC expects is 
the same as the digital output word length. 
This word length can be modified by the 
data shifted in on the DO pin. Table 5 details 
the data required. 


This is the data output ready pin. This pin is 
an active push/pull output. It is low when the 
conversion result is being shifted out and 
goes high to signal that all the data has 
been shifted out. 


A logic low is required on this pin to program 
any mode or change the ADC’s configura- 
tion as listed in the Mode Programming 
Table 5 such as 12-bit conversion, 8-bit con- 
version, Auto Cal, Auto Zero etc. When this 
pin is high the ADC is placed in the read 
data only mode. While in the read data only 
mode, bringing CS low and pulsing SCLK 
will only clock out on DO any data stored in 
the ADCs output shift register. The data on 
DI will be neglected. A new conversion will 
not be started and the ADC will remain in 
the mode and/or configuration previously 
programmed. Read data only cannot be 
performed while a conversion, Auto-Cal or 
Auto-Zero are in progress. 


This is the power down pin. When PD is 
high the A/D is powered down; when PD is 
low the A/D is powered up. The A/D takes a 
maximum of 250 us to power up after the 
command is given. 


These are the analog inputs of the MUX. A 
channel input is selected by the address in- 
formation at the DI pin, which is loaded on 
the rising edge of SCLK into the address 
register (See Tables 2, 3, 4). 


The voltage applied to these inputs should 
not exceed V,+ or go below GND. Exceed- 
ing this range on an unselected channel will 
corrupt the reading of a selected channel. 
This pin is another analog input pin. It is 
used as a pseudo ground when the analog 
multiplexer is single-ended. 
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MUXOUT1, 
MUXOUT2 





These are the 
pins. 


multiplexer output 


A/DIN1, /DIN2 These are the converter input pins. MUX- 


Veaert 


VReEF- 


Vat, Vpot+ 


DGND 
AGND 


OUT1 is usually tied to A/DIN1. MUXOUT2 
is usually tied to A/DIN2. If external circuitry 
is placed between MUXOUT1 and A/DIN1, 
or MUXOUT2 and A/DIN2 it may be neces- 
sary to protect these pins. The voltage at 
these pins should not exceed V,* or go be- 
low AGND (see Figure 5). 


This is the positive analog voltage reference 
input. In order to maintain accuracy, the 
voltage range Of Veer (Veer = Vrert — 
Vaer—) iS 1 Voc to 5.0 Voc and the voltage 
at Vaert+ Cannot exceed V,+. See Figure 6 
for recommended bypassing. 


The negative voltage reference input. In or- 
der to maintain accuracy, the voltage at this 
pin must not go below GND or exceed V+. 
(See Figure 6). 


These are the analog and digital power sup- 
ply pins. V,* and V_* are not connected to- 
gether on the chip. These pins should be 
tied to the same power supply and by- 
passed separately (See Figure 6). The oper- 
ating voltage range of V,+ and V,+ is 
4.5 Voc to 5.5 Voc. 


This is the digital ground pin (see Figure 6). 
This is the analog ground pin (see Figure 6). 
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ADC12L030/ADC12L032/ADC12L034/ADC12L038 


AY Nationa Semiconductor 


ADC12L030/ADC12L032/ADC12L034/ADC12L038 — 
3.3V Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converters with MUX and Sample/Hold 


General Description 


The ADC12L030: family is 12-bit plus sign successive ap- 
proximation A/D converters with serial I/O and configurable 
input multiplexers. These devices are fully tested with a 
single 3.3V power supply. The ADC12L032, ADC12L034 and 
ADC12L038 have 2, 4 and 8 channel multiplexers, respec- 
tively. Differential multiplexer outputs and A/D inputs are 
available on the MUXOUT1, MUXOUT2, A/DIN1 and A/DIN2 
pins. The ADC12L030 has a two channel multiplexer with the 
multiplexer outputs and A/D inputs internally connected. On 
request, these A/Ds go through a self calibration process 
that adjusts linearity, zero and full-scale errors to less than 
+'% LSB each. 


The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or 
pseudo-differential modes. A fully differential unipolar analog 
input range (OV to +3.3V) can be accommodated with a 
single +3.3V supply. In the differential modes, valid outputs 
are obtained even when the negative inputs are greater than 
the positive because of the 12-bit plus sign two’s compliment 
output data format. 

The serial I/O is configured to comply with NSC’s 
MICROWIRE™ and Motorola’s SPI standards. For voltage 
references, see the LM4040 or LM4041 data sheets. 


Features 

m OV to 3.3V analog input range with single 3. 3V power 
supply 

Serial /O ( MICROWIRE and SPI Compatible) 

2, 4, or 8 channel differential or single-ended multiplexer 
Analog input sample/hold function 

Power down mode 

Variable resolution and conversion rate 
Programmable acquisition time 

Variable digital output word length and format 

No zero or full scale adjustment required 

Fully tested and guaranteed with a 2.5V reference 
No Missing Codes over temperature 


Key Specifications 


m™ Resolution 12-bit plus sign 
m 12-bit plus sign Conversion time 8.8 us (min) 
m 12-bit plus sign sampling rate 73 kHz (max) 
m Integral linearity error +1 LSB (max) 
m Single supply 3.3V +10% 
m™ Power dissipation 15 mW (max) 
m™ Power down 40 uW (typ) 
Applications 


m Portable Medical instruments 
m Portable computing 
m™ Portable Test equipment 


ADC12L038 Simplified Block Diagram 
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Ordering Information 


Industrial Temperature Range 
-40°C < T, < +85°C 





Connection Diagrams 
24-Pin Wide Body 


16-Pin Wide Body SO Packages 


SO Packages 


_ 


CHO 
CH1 
CH2 
CH3 
13 COM 
ADC12L030 MUXOUT 1 
i A/DIN1 
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ADC12L030/ADC12L032/ADC12L034/ADC12L038 


Pin Descriptions 


CCLK 


SCLK 


DI 


DO 


EOC 
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The clock applied to this input controls the su- 
cessive approximation conversion time interval 
and the acquisition time. The rise and fall times 
of the clock edges should not exceed 1 us. 


This is the serial data clock input. The clock 
applied to this input controls the rate at which 
the serial data exchange occurs. The rising 
edge loads the information on the DI pin into 
the multiplexer address and mode select shift 
register. This address controls which channel 
of the analog input multiplexer (MUX) is se- 
lected and the mode of operation for the A/D. 
With CS low the falling edge of SCLK shifts the 
data resulting from the previous ADC conver- 
sion out on DO, with the exception of the first 
bit of data. When CS is low continuously, the 
first bit of the data is clocked out on the rising 
edge of EOC (end of conversion). When CS is 
toggled the falling edge of CS always clocks 
out the first bit of data. CS should be brought 
low when SCLK is low. The rise and fall times 
of the clock edges should not exceed 1 us. 


This is the serial data input.pin. The data ap- 
plied to this pin is shifted by the rising edge of 
SCLK into the multiplexer address and mode 
select register. Tables 2, 3, 4, 5 show the as- 
signment of the multiplexer address and the 
mode select data. 


The data output pin. This pin is an active push/ 
pull output when CS is Low. When CS is High 
this output is in TRI-STATE. The A/D conver- 
sion result (DO—D12) and converter status data 
are clocked out by the falling edge of SCLK on 
this pin. The word length and format of this re- 
sult can vary (see Table 1). The word length 
and format are controlled by the data shifted 
into the multiplexer address and mode select 
register (see Table 5). 


This pin is an active push/pull output and indi- 
cates the status of the ADC12L030/2/4/8. 
When low, it signals that the A/D is busy with a 
conversion, auto-calibration, auto-zero or 
power down cycle. The rising edge of EOC sig- 
nals the end of one of these cycles. 


This is the chip select pin. When a logic low is 
applied to this pin, the rising edge of SCLK 
shifts the data on DI into the address register. 
This low also brings DO out of TRI-STATE. 
With CS low the falling edge of SCLK shifts the 
data resulting from the previous ADC conver- 
sion out on DO, with the exception of the first 
bit of data. When CS is low continuously, the 
first bit of the data is clocked out on the rising 
edge of EOC (end of conversion). When CS is 
toggled the falling edge of CS always clocks 
out the first bit of data. CS should be brought 
low when SCLK is low. The falling edge of CS 
resets a conversion in progress and starts the 
sequence for a new conversion. When CS is 
brought back low during a conversion, that 
conversion is prematurely ended. The data in 
the output latches may be corrupted. There- 
fore, when CS is brought back low during a 
conversion in progress the data output at that 
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CONV 


PD 


CHO-CH7 


COM 


MUXOUT1, 
MUXOUT2 


A/DIN1, 
A/DIN2 


Vrert 


time should be ignored. CS may also be left 
continuously low. In this case it is imperative 
that the correct number of SCLK pulses be ap- 
plied to the ADC in order to remain synchro- 
nous. After the ADC supply power is applied, it 
expects to see 13 clock pulses for each I/O se- 
quence. The number of clock pulses the ADC 
expects is the same as the digital output word 
length. This word length can be modified by 
the data shifted in on the DO pin. Table 5 de- 
tails the data required. 


This is the data output ready pin. This pin is an 
active push/pull output. It is low when the con- 
version result is being shifted out and goes 
high to signal that all the data has been shifted 
out. 


A logic low is required on this pin to program 
any mode or change the ADC’s configuration 
as listed in the Mode Programming Table 
(Table 5) such as 12-bit conversion, 8-bit con- 
version, Auto Cal, Auto Zero etc. When this pin 
is high the ADC is placed in the read data only 
mode. While in the read data only mode, bring- 
ing CS low and pulsing SCLK will only clock 
out on DO any data stored in the ADCs output 
shift register. The data on DI will be neglected. 
A new conversion will not be started and the 
ADC will remain in the mode and/or configura- 
tion previously programmed. Read data only 
cannot be performed while a_ conversion, 
Auto-Cal or Auto-Zero are in progress. 


This is the power down pin. When PD is high 
the A/D is powered down; when PD is low the 
A/D is powered up. The A/D takes a maximum 
of 700 us to power up after the command is 
given. 

These are the analog inputs of the MUX. A 
channel input is selected by the address infor- 
mation at the DI pin, which is loaded on the ris- 
ing edge of SCLK into the address register 
(see Tables 2, 3, 4). 


The voltage applied to these inputs should not 
exceed V,+ or go below GND. Exceeding this 
range on an unselected channel will corrupt 
the reading of a selected channel. 


This pin is another analog input pin. It is used 
as a pseudo ground when the analog multi- 
plexer is single-ended. 


These are the 
pins. 

These are the converter input pins. MUXOUT1 
is usually tied to A/DIN1. MUXOUT2 is usually 
tied to A/DIN2. If external circuitry is placed be- 
tween MUXOUT1 and A/DIN1, or MUXOUT2 
and A/DIN2 it may be necessary to protect 
these pins. The voltage at these pins should 
not exceed V,* or go below AGND (see Figure 
By: 

This is the positive analog voltage reference 
input. in order to maintain accuracy the voltage 
range Of Vaer (Vaer = Vrer+ — Vrer—) Is 


multiplexer output 


Pin Descriptions (continueq) 


VReEF— 


Vat, Vot+ 


DGND 
AGND 


1 Vpcto 3.3 Voc and the voltage at Vaer+ can- 
not exceed V,+. See Figure 6 for recom- 
mended bypassing. 


The negative voltage reference input. In order 
to maintain accuracy the voltage at this pin 
must not go below GND or exceed V+. (See 
Figure 6). 

These are the analog and digital power supply 
pins. V,* and V,* are not connected together 
on the chip. These pins should be tied to the 
same power supply and bypassed separately 
(see Figure 6 ). The operating voltage range of 
Vat and Vp+t is 3.0 Voc to 5.5 Vp. 


This is the digital ground pin (see Figure 6). 
This is the analog ground pin (see Figure 6). 
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_~ADC12041 


ADC12041 
-12-Bit Plus Sign 216 kHz Sampling Analog-to-Digital 
Converter 


General Description = Low power standby mode 


- a 
Operating from a single 5V power supply, the ADC 12041 isa mariniselng:2edee 


12 bit + sign, parallel I/O, self-calibrating, sampling a gu 2 
analog-to-digital converter (ADC). The maximum sampling Key Specifications 
| rate is 216 kHz. On request, the ADC goes through a = (fox = 12 MHz) 


self-calibration process that adjusts linearity, zero and =m Resolution | 12-bits + sign 
full-scale errors. m 13-bit conversion time 3.6 us, max 
The ADC12041 can be configured to work with many popular =m = 13-bit throughput rate 216 ksamples/s, min 
microprocessors/microcontrollers and DSPs including Na- Integral Linearity Error (ILE) +1 LSB. max 
tional’s HPC family, Intel886 and 8051, TMS320C25, Mo- ; 

’ ’ ’ +t te} 
torola MC68HC11/16, Hitachi 64180 and Analog Devices © —. nee Be ie 
ADSP21xx. a a eas mption — 
For complementary voltage references see the LM4040, Benvanee eich 33 mW. max 
LM4041 or LM9140. — Stand-by mode 75 yw, max 
Features Applications 


m Fully differential analog input 

m™ Programmable acquisition times and user-controllable 
throughput rates 

m= Programmable data bus width (8/13 bits) 

@ Built-in Sample-and-Hold 

m™ Programmable auto-calibration and auto-zero cycles 


@ Medical instrumentation 
m= Process control systems 
m= Test equipment 

m Data logging 

m Inertial guidance 


Block Diagram 
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Connection Diagrams 


28-Pin SSOP 28-Pin PLCC 





3 2, 
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See NS Package Number V28A 
DS012441-2 


Order Number ADC12041CIMSA 
See NS Package Number MSA28 


Ordering Information 











NS 
i ture R 
Industrial Temperature Range Package 


-40°C < T, < +85°C 
Number 


ADC12041CiV PLCC 
ADC12041CIMSA SSOP 
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ADC12041 


Pin Descriptions 


PLCC and 
SSOP Pkg. 
Pin Number 


5 
6 


10 


27 


12-20 
23-26 


28 


21 


22 
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Pin 
Name 


Vint 


< 
4 


Vrert 


VReF- 


WMODE 


SYN 


8 


DO-D8 
D9-D12 


rm 


3 ie 
Dil & 


O 
op) 


mY) 
wy) 
< 


Vat 


AGND 


DGND 


E Ta 
0 
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Description 


The analog ADC inputs. V,,,+ is the non-inverting (positive) input and V,,\-— is the inverting (negative) 
input into the ADC. 


Positive reference input. The operating voltage range for this input is 1V < Vaer+ < Vat (see Figure 
3 and Figure 4). This pin should be bypassed to AGND at least with a parallel combination of a 10 
uF and a 0.1 uF (ceramic) capacitor. The capacitors should be placed as close to the part as 
possible. 

Negative reference input. The operating voltage range for this input is OV < Veaer— < Vrert —1 (See 
Figure 3 and Figure 4). This pin should be bypassed to AGND at least with a parallel combination of 
a 10 uF and a 0.1 uF (ceramic) capacitor. The capacitors should be placed as close to the part as 
possible. 


The logic state of this pin at power-up determines which edge of the write signal (WR ) will latch in 
data from the data bus. If tied low, the ADC12041 will latch in data on the rising edge of the WR 
signal. If tied to a logic high, data will be latched in on the falling edge of the WR signal. The state of 
this pin should not be changed after power-up. 


The SYNC pin can be programmed as an input or an output. The Configuration register’s bit b4 
controls the function of this pin. When programmed as an input pin (b4 = 1), a rising edge on this 
pin causes the ADC’s sample-and-hold to hold the analog input signal and begin conversion. When 
programmed as an output pin (b4 = 0), the SYNC pin goes high when a conversion begins and 
returns low when completed. 

13-bit Data bus of the ADC12041. D12 is the most significant bit and DO is the least significant. The 
BW(bus width) bit of the Configuration register (b3) selects between an 8-bit or 13-bit data bus width. 
When the BW bit is cleared (BW = 0), D7—D0O are active and D12—D8 are always in TRI-STATE® . 
When the BW bit is set (BW = 1), D12—D0 are active. 

The clock input pin used to drive the ADC12041. The operating range is 0.05 MHz to 12 MHz. 

WR is the active low WRITE control input pin. A logic low on this pin and the CS will enable the 
input buffers of the data pins D12—D0. The signal at this pin is used by the ADC12041 to latch in 
data on D12—D0. The sense of the WMODE pin at power-up will determine which edge of the WR 
signal the ADC 12041 will latch in data. See WMODE pin description. 


RD is the active low read control input pin. A logic low on this pin and CS will enable the active 
output buffers to drive the data bus. 


CS is the active low Chip Select input pin. Used in conjunction with the WR and RD signals to 
control the active data bus input/output buffers of the data bus. 


RDY is an active low output pin. The signal at this pin indicates when a requested function has 
begun or ended. Refer to section Functional Description and the digital timing diagrams for more 
detail. 

Analog supply input pin. The device operating supply voltage range is +5V + 10%. Accuracy is 
guaranteed only if the V,+ and V,+ are connected to the same potential. This pin should be 
bypassed to AGND with a parallel combination of a 10 pF and a 0.1 UF (ceramic) capacitor. The 
capacitors should be placed as close to the supply pins of the part as possible. 

Analog ground pin. This is the device’s analog supply ground connection. It should be connected 
through a low resistance and low inductance ground return to the system power supply. 

Digital supply input pins. The device operating supply voltage range is +5V + 10%. Accuracy is 
guaranteed only if the V,+ and V+ are connected to the same potential. This pin should be 
bypassed to DGND with a parallel combination of a 10 uF and a 0.1 uF (ceramic) capacitor. The 
capacitors should be placed as close to the supply pins of the part as possible. 

Digital ground pin. This is the device’s digital supply ground connection. It should be connected 
through a low resistance and low inductance ground return to the system power supply. 
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ADC12048 


National Semiconductor 


870cLOdV 


12-Bit Plus Sign 216 kHz 8-Channel Sampling 


Analog-to-Digital Converter 


General Description 


Operating from a single 5V power supply, the ADC 12048 is a 
12 bit + sign, parallel I/O,  self-calibrating, sampling 
analog-to-digital converter (ADC) with an eight input fully dif- 
ferential analog multiplexer. The maximum sampling rate is 
216 kHz. On request, the ADC goes through a 
self-calibration process that adjusts linearity, zero and 
full-scale errors. 


The ADC12048’s 8-channel multiplexer is software program- 
mable to operate in a variety of combinations of 
single-ended, differential, or pseudo-differential modes. The 
fully differential MUX and the 12-bit + sign ADC allows for the 
difference between two signals to be digitized. 

The ADC 12048 can be configured to work with many popular 
microprocessors/microcontrollers and DSPs including Na- 
tional’s HPC family, Intel886 and 8051, TMS320C25, Mo- 
torola MC68HC11/16, Hitachi 64180 and Analog Devices 
ADSP21xx. 

For complementary voltage references see the LM4040, 
LM4041 or LM9140. 


Features 


m 8-channel programmable Differential or Single-Ended 
multiplexer 


m™ Programmable Acquisition Times and user-controllable 
Throughput Rates 


Block Diagram 
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Programmable data bus width (8/13 bits) 

Built-in Sample-and-Hold 

Programmable Auto-Calibration and Auto-Zero cycles 
Low power standby mode 

No missing codes 


Key Specifications 
(forx = 12 MHz) 


™ Resolution 12-bits + sign 
m 13-bit conversion time 3.6 us, max 
@ 13-bit throughput rate 216 ksamples/s, min 
m Integral Linearity Error (ILE) +1 LSB, max 
m Single Supply +5V +10% 
@ Vin Range GND to Va+ 
m Power consumption 
— Normal operation 34 mW, max 
— Stand-by mode 75 uw, max 
Applications 
™ Medical instrumentation 
m™ Process control systems 
m Test equipment 
m Data logging 
@ Inertial guidance 
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ADC12048 


Connection Diagrams 
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Ordering Information 


Industrial Temperature Range 


; R Package 
-40C <T, < +85C 


PLCC 
PQFP 
Evaluation board 





Pin Description 


PLCC Pkg. PQFP Pkg. eT 
. : Description 
Pin Number Pin Number 


The eight analog inputs to the Multiplexer. Active channels are selected 


6 

7 based on the contents of bits b3—b0 of the Configuration register. Refer 

8 to section titled MUX for more details. 

9 

15 

16 

17 

18 

14 This pin is another analog input pin used as a pseudo ground when the 
multiplexer is configured in single-ended mode. 

13 Positive reference input. The operating voltage range for this input is 


1V < Vaert < Vat (See Figure 3 and 4). This pin should be bypassed 
to AGND at least with a parallel combination of a 10 uF and a 0.1 UF 
(ceramic) capacitors. The capacitors should be placed as close to the 
part as possible. 
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Pin Description (continued) 


PLCC Pkg. PQFP Pkg. ; 
; Description 
Pin Number Pin Number 


12 Vrer— Negative reference input. The operating voltage range for this input is 
OV < Vrer— S$ Vrert -1 (See Figure 3 and 4). This pin should be 
bypassed to AGND at least with a parallel combination of a 10 uF and 
a 0.1 uF (ceramic) capacitor. The capacitors should be placed as close 
to the part as possible. 


19 MUX OUT- The inverting (negative) and non-inverting (positive) outputs of the 
pi MUX OUT multiplexer. The analog inputs to the MUX selected by bits b3—b0 of 
‘ the Configuration register appear at these pins. 


20 ADCIN- ADC inputs. The inverting (negative) and non-inverting (positive) inputs 
22 16 ADCIN+ into the ADC. 


24 WMODE The logic state of this pin at power-up determines which edge of the 
write signal (WR) will latch in data from the data bus. If tied low, the 
ADC12048 will latch in data on the rising edge of the WR signal. If tied 
to a logic high, data will he latched in on the falling edge of the WR 
signal. The state of this pin should not be changed after power-up. 


25 SYNC The SYNC pin can be programmed as an input or an output. The 
Configuration register’s bit b8 controls the function of this pin. When 
programmed as an input pin (b8 = 1), a rising edge on this pin causes 
the ADC’s sample-and-hold to hold the analog input signal and begin 
conversion. When programmed as an output pin (b8 = 0), the SYNC 
pin goes high when a conversion begins and returns low when 
completed. 
26-31 20-25 DO-—D5 13-bit Data bus of the ADC12048. D12 is the most significant bit and 
DO is the least significant. The BW (bus width) bit of the Configuration 
register (612) selects between an 8-bit or 13-bit data bus width. When 


870cLOdV 









34—40 29-34 D6—D12 the BW bit is cleared (BW = 0), D7—D0 are active and D12—D8 are 
always in TRI-STATE. When the BW bit is set (BW = 1), D12—D0 are 
active. 


43 


QO 
es 
A 


The clock input pin used to drive the ADC 12048. The operating range 
is 0.05 MHz to 12 MHz. 


WR is the active low WRITE control input pin. A logic low on this pin 
and the CS will enable the input buffers of the data pins D12—D0. The 
signal at this pin is used by the ADC 12048 to latch in data on D12—D0. 
The sense of the WMODE pin at power-up will determine which edge 
of the WR signal the ADC12048 will latch in data. See WMODE pin 
description. 


44 


RD is the active low read control input pin. A logic low on this pin and 
CS will enable the active output buffers to drive the data bus. 

CS is the active low Chip Select input pin. Used in conjunction with the 
WR and RD signals to control the active data bus input/output buffers 
of the data bus. 


ii | 


0 
0 
< 


RDY is an active low output pin. The signal at this pin indicates when a 
requested function has begun or ended. Refer to section Functional 
Description and the digital timing diagrams for more detail. 





STDBY This is the standby active low output pin. This pin is low when the 

ADC12048 is in the standby mode and high when the ADC 12048 is out 

of the standby mode or has been requested to leave the standby mode. 

Vat Analog supply input pin. The device operating supply voltage range is 
+5V +10%. Accuracy is guaranteed only if the V,+ and Vp+ are 
connected to the same potential. This pin should be bypassed to AGND 
with a parallel combination of a 10 uF and a 0.1 pF (ceramic) capacitor. 
The capacitors should be placed as close to the supply pins of the part 
as possible. 


10 


ine) 
iN a - > io) io) io) 
ine) — oO co co N 
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ADC12048 


Pin Description (Continued) 


- PLCC Pkg. PQFP Pkg. 
Pin Number Pin Number 


11 





32 and 41 


33 and 42 97 and 36 DGND 


26 and 35 
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Description 


Analog ground pin. This is the device’s analog supply ground 
connection. It should be connected through a low resistance and low 
inductance ground return to the system power supply. 


Digital supply input pins. The device operating supply voltage range is 
+5V +10%. Accuracy is guaranteed only if the V,+ and Vp+ are 
connected to the same potential. This pin should be bypassed to 
DGND with a parallel combination of a 10 uF and a 0.1 pF (ceramic) 
capacitor. The capacitors should be placed as close to the supply pins 
of the part as possible. 


Digital ground pin. This is the device’s digital supply ground connection. 
It should be connected through a low resistance and low inductance 
ground return to the system power supply. 
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National Semiconductor 


L802 LOdQV 


ADC12081 
12-Bit, 5 MHz Self-Calibrating, Pipelined A/D Converter 
with Internal Sample & Hold 


General Description Features 


The ADC12081 is a monolithic CMOS analog-to-digital con- | ™ Single 5V power supply 

verter capable of converting analog input signals into 12-bit Simple analog input interface 
digital words at 5 megasamples per second (MSPS). The Internal Sample-and-hold 
ADC12081 utilizes an innovative pipeline architecture tom Internal Reference buffer amplifier 
minimize die size and power consumption. The ADC12081 Low power consumption 

uses self-calibration and error correction to maintain accu- 
racy and performance over temperature. 


The ADC12081 converter operates on a 5V power supply 





Key Specifications 


and can digitize analog input signals in the range of 0 to 2V. gw Resolution 12 Bits 
A single convert clock controls the conversion operation. All ; 
digital /O is TTL compatible. mCONVETS Oats > ee 
+ 
The ADC12081 is designed to minimize external compo- sdb abu ue? (typ) 
nents necessary for the analog input interface. An internal ™@ SNR 68 dB (typ) 
sample-and-hold circuit samples the analog input and an in- m@ ENOB 10.9 Bits (typ) 
ternal amplifier buffers the reference voltage input. ™ Analog Input Range 2 Vpp (min) 
The ADC12081 is available in the 32-lead LQFP package +50 
and is designed to operate over the extended commercial mSupply Voltage poe 
temperature range of -40°C to +85°C. |_| Power Consumption, 5 MHz 105 mW (typ) 
Applications 


m™ Image processing front end 
m= PC-based data acquisition 
= Scanners 

m Fax machines 

@ Waveform digitizer 


Connection Diagram 
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ADC12081 


Ordering Information 


Industrial | 


Simplified Block Diagram | 
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15-Stage Pipeline Converter 
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n Descriptions and Sens Circuits #2 


Analog signal input. With a 2.0V reference voltage, 
Vin input signal voltages in the range of 0 to 2.0 Volts 
will be converted. See section 1.2. 
o+ Reference voltage input. This pin should be driven 
from an accurate, stable reference source in the 
VReEF range of 1.8 to 2.2V and bypassed to a low-noise 
Pern analog ground with a monolithic ceramic capacitor, 
nominally 0.01yF. See section 1.1. 


Positive reference bypass pin. Bypass with a 0.1pF 
capacitor. Do not connect anything else to this pin. 
See section 3.1 

























Gd) 


VrpP 





Reference midpoint bypass pin. Bypass with a 
0.1uF capacitor. Do not connect anything else to 
this pin. See section 3.1 


'e) 
— 


Vam 





Negative reverence bypass pin. Bypass with a 
0.1puF capacitor. Do not connect anything else to 
this pin. See section 3.1 


Sample Clock input, TTL compatible. Maximum 
amplitude should not exceed 3V. 
Calibration request, active High. Calibration cycle 


starts when CAL returns to logic low. CAL is ignored 
during power-down mode. See section 2.2. 


Power-down, active High, ignored during calibration 
cycle. See paragraph 2.4 


Output enable control, active low. When this pin is 
high the data outputs are in Tri-state 
(high-impedance) mode. 


Vp 
Over range indicator. This pin is at a logic High for 
Vin < 0 or for Vin > Veer. 
DGND 
Device ready indicator, active High. This pin is at a 
READY logic Low during a calibration cycle and while the 
device is in the power down mode. 


Vp 1/0 


ie) 
fo) 


Van 


10 CLOCK 










CAL 














NO 


+ 


Digital output word, CMOS compatible. DO (pin 14) 


gies is LSB, D11 (pin 27) is MSB. Load with no more 


09-07 DO - D11 


than 50pF. 





DGND 1/0 
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ADC12081 


Pin Descriptions and Equivalent Circuits #2 (Continued) — 


| Analog input common. Connect to a quiet point in 
analog ground near the driving device. See section 
1.2. 


Positive analog supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and Vp should have 
a common supply and be separately bypassed with 
a 5uF to 10uF capacitor and a 0.1yF chip capacitor. 


The ground return for the analog supply. AGND and 
DGND should be connected together close to the 
ADC12081 package. See section 5.0. 


Positive analog supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and Vp, should have 
a common supply and be separately bypassed with 
a 5uF to 10uF capacitor and a 0.1 uF chip 
capacitor. 
















Vin com 


Va 
Vp 













4,6 AGND 


9, 12 DGND 
DGND I/O 










The ground return for the analog supply. AGND and 
DGND should be connected together close to the 
ADC12081 package. See section 5.0 


The digital output driver supply pin. This pin can be 
operated from a supply voltage of 3V to 5V, but the 
voltage on this pin should never exceed the Vp 
supply pin voltage. 


The ground return for the output drivers. This pin 
should be returned to a point in the digital ground 
that is removed from the other ground pins of the 
ADC12081. 
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National Semiconductor 


ADC12130/ADC12132/ADC12138 
Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converters with MUX and Sample/Hold 


General Description 


The ADC12130, ADC12132 and ADC12138 are 12-bit plus 
sign Successive approximation A/D converters with serial I/O 
and configurable input multiplexer. The ADC12132 and 
ADC12138 have a 2 and an 8 channel multiplexer, respec- 
tively. The differential multiplexer outputs and A/D inputs are 
available on the MUXOUT1, MUXOUT2, A/DIN1 and A/DIN2 
pins. The ADC12130 has a two channel multiplexer with the 
multiplexer outputs and A/D inputs internally connected. The 
ADC12130 family is tested with a 5 MHz clock. On request, 
these A/Ds go through a self calibration process that adjusts 
linearity, zero and full-scale errors to typically less than +1 
LSB each. 


The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or 
pseudo-differential modes. A fully differential unipolar analog 
input range (OV to +5V) can be accommodated with a single 
+5V supply. In the differential modes, valid outputs are ob- 
tained even when the negative inputs are greater than the 
positive because of the 12-bit plus sign output data format. 
The serial I/O is configured to comply with the NSC MI- 
CROWIRE™. For voltage references, see the LM4040 or 
LM4041. 


Features 
Serial 1//O (MICROWIRE, SPI and QSPI Compatible) 
2 or 8 channel differential or single-ended multiplexer 


Analog input sample/hold function 
Power down mode 
Programmable acquisition time 


Variable digital output word length and format 


No zero or full scale adjustment required 


OV to 5V analog input range with single 5V power 


supply 


Key Specifications 


Resolution: 12-bit plus sign 


12-bit plus sign conversion time: 8.8 us (max) 
12-bit plus sign throughput time: 14 us (max) 


Integral linearity error: +2 LSB (max) 
Single supply: 3.3V or 5V +10% 
Power consumption 

— 3.3V 

— 3.3V power down 

— 5V 

— 5V power down 


Applications 


ADC12138 Simplified Block Diagram 


cs PD 


Pen-based computers 
Digitizers 
Global positioning systems 


CONV CCLK SCLK 


i a a a _ 
Control Timing 


CH1 I | 


CH2 [_] 

CH3T | Analog 
tnput 

cH4 LL Multiplexer 


CHS FJ 





CH6 EI 
CH7 LJ 
com |_| 


A/dINt [7] 
MuxouT2 [7] 
A/DIN2 [7] 


OGND AGND 


Address Latch 
— 
a po a 
nen se san 
u 
Comparator 


y 
a +Main | 
DAC ‘ 
-Main ri 
DAC 
MUXOUTI [7] 


AL 
V7 
xy 
: -Correction 
DAC 
va Ce 
Vp+ Ct : a DAC 


[J coc 
[} Dor 


Buffer 





J a 
Veert+ = Veer~ 
DS012079-1 


15 mW (max) 

40 LW (typ) 
33 mW (max) 
100 pW (typ) 
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ADC12130/ADC12132/ADC12138 


Ordering Information 


industrial Temperature Range 
-40°C < Ty, < +85°C 





Connection Diagrams 


16-Pin Dual-in-Line and 
Wide Body SO Packages 







CHO 1 16 Vpt 

CH1 20 15 CCLK 

COM 3 14 SCLK 

DOR—44 3DI 

ADC 12130 

EOC 5 DO 
Veer t 4 / CONV 
DGND 8 Vat 





DS012079-2 


CHO 

CH1 

COM 
MUXOUT 1 
A/DIN1 
MUXOUT2 
A/DIN2 


VREF 7 


Veer t 
DGND 


Top View 


28-Pin Dual-in-Line, SSOP and 
Wide Body SO Packages 


~ CHO 
CH1 

CH2 

CH3 

CH4 

CH5 

CH6 

CH7 
COM 
MUXOUT 1 
A/DIN 1 
MUXOUT2 
A/DIN2 
DGND 


Vp* 
DOR 

CCLK 
SCLK 


1 

2 
é) 
4 
5 
6 
Zz 
8 


Z 
ADC 12138 ; 





DS012079-3 


‘Top View 
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ADC 12132 


Oo wa VN DO OT e. WG BS 


_ 
oO 


DS012079-47 


Top View 


Pin Descriptions 


CCLK 


SCLK 


DI 


DO 


EOC 


The clock applied to this input controls the su- 
cessive approximation conversion time interval 
and the acquisition time. The rise and fall times 
of the clock edges should not exceed 1 us. 


This is the serial data clock input. The clock 
applied to this input controls the rate at which 
the serial data exchange occurs. The rising 
edge loads the information on the DI pin into 
the multiplexer address and mode select shift 
register. This address controls which channel 
of the analog input multiplexer (MUX) is se- 
lected and the mode of operation for the A/D. 
With CS low, the falling edge of SCLK shifts 
the data resulting from the previous ADC con- 
version out on DO, with the exception of the 
first bit of data. When CS is low continuously, 
the first bit of the data is clocked out on the ris- 
ing edge of EOC (end of conversion). When 
CS is toggled, the falling edge of CS always 
clocks out the first bit of data. CS should be 
brougnt low when SCLK is low. The rise and 
fall times of the clock edges should not exceed 
1 us. 

This is the serial data input pin. The data ap- 
plied to this pin is shifted by the rising edge of 
SCLK into the multiplexer address and mode 
select register. Table 2 through Table 4 show 
the assignment of the multiplexer address and 
the mode select data. 


The data output pin. This pin is an active push/ 
pull output when CS is low. When CS is high, 
this output is TRI-STATE. The A/D conversion 
result (DBO—DB12) and converter status data 
are clocked out by the falling edge of SCLK on 
this pin. The word length and format of this re- 
sult can vary (see Table 1). The word length 
and format are controlled by the data shifted 
into the multiplexer address and mode select 
register (see Table 4). 


This pin is an active push/pull output and indi- 
cates the status of the ADC12130/2/8. When 
low, it signals that the A/D is busy with a con- 
version, auto-calibration, auto-zero or power 
down cycle. The rising edge of EOC signals 
the end of one of these cycles. 


This is the chip select pin. When a logic low is 
applied to this pin, the rising edge of SCLK 
shifts the data on DI into the address register. 
This low also brings DO out of TRI-STATE. 
With CS low, the falling edge of SCLK shifts 
the data resulting from the previous ADC con- 
version out on DO, with the exception of the 
first bit of data. When CS is low continuously, 
the first bit of the data is clocked out on the ris- 
ing edge of EOC (end of conversion). When 
CS is toggled, the falling edge of CS always 
clocks out the first bit of data. CS should be 
brought low when SCLK is low. The falling 
edge of CS resets a conversion in progress 
and starts the sequence for a new conversion. 
When CS is brought back low during a conver- 
sion, that conversion is prematurely termi- 
nated. The data in the output latches may be 
corrupted. Therefore, when CS is brought back 
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DOR 


CONV 


PD 


CHO-—CH7 


COM 


MUXOUT1, 
MUXOUT2 


A/DIN1, 
A/DIN2 


Vrert 


low during a conversion in progress the data 
output at that time should be ignored. CS may 
also be left continuously low. In this case it is 
imperative that the correct number of SCLK 
pulses be applied to the ADC in order to re- 
main synchronous. After the ADC supply 
power is applied it expects to see 13 clock 
pulses for each !1/O sequence. The number of 
clock pulses the ADC expects is the same as 
the digital output word length. This word length 
can be modified by the data shifted in on the 
DO pin. Table 4 details the data required. 


This is the data output ready pin. This pin is an 
active push/pull output. It is low when the con- 
version result is being shifted out and goes 
high to signal that all the data has been shifted 
out. 


A logic low is required on this pin to program 
any mode or change the ADC’s configuration 
as listed in the Mode Programming Table 
(Table 4) such as 12-bit conversion, Auto Cal, 
Auto Zero etc. When this pin is high the ADC is 
placed in the read data only mode. While in the 
read data only mode, bringing CS low and 
pulsing SCLK will only clock out on DO any 
data stored in the ADCs output shift register. 
The data on DI will be neglected. A new con- 
version will not be started and the ADC will re- 
main in the mode and/or configuration previ- 
ously programmed. Read data only cannot be 
performed while a conversion, Auto-Cal or 
Auto-Zero are in progress. 


This is the power down pin. When PD is high 
the A/D is powered down; when PD is low the 
A/D is powered up. The A/D takes a maximum 
of 700 us to power up after the command is 
given. 

These are the analog inputs of the MUX. A 
channel input is selected by the address infor- 
mation at the Di pin, which is loaded on the ris- 
ing edge of SCLK into the address register 
(see Table 2 and Table 3). 


The voltage applied to these inputs should not 
exceed V,+ or go below GND. Exceeding this 
range on an unselected channel will corrupt 
the reading of a selected channel. 


This pin is another analog input pin. It is used 
as a pseudo ground when the analog multi- 
plexer is single-ended. 


These are the 
pins. 


These are the converter input pins. MUXOUT1 
is usually tied to A/DIN1. MUXOUT2 is usually 
tied to A/DIN2. If external circuitry is placed be- 
tween MUXOUT1 and A/DIN1, or MUXOUT2 
and A/DIN2 it may be necessary to protect 
these pins. The voltage at these pins should 
not exceed V,* or go below AGND (see Figure 
5). 

This is the positive analog voltage reference 
input. In order to maintain accuracy, the volt- 
age range Of Vier (Vrer = Vrert — Vrer—) is 


multiplexer output 
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ADC12130/ADC12132/ADC12138 


Pin Descriptions (continued) 


VReF— 
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‘1 Vpc to 5.0 Voc and the voltage at Vaert 


cannot exceed V,+. See Figure 6 for recom- 
mended bypassing. . 

The negative voltage reference input. In order 
to maintain accuracy, the voltage at this pin 
must not go below GND or exceed V+. (See 
Figure 6). 
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Vat, Vot+ 


These are the analog and digital power supply 
pins. V,* and V,)* are not connected together 
on the chip. These pins should be tied to the 
same power supply and bypassed separately 
(see Figure 6). The operating voltage range of 


_ Vat and: Vp+ is 3.0 Voc to 5.5 Voc- 


DGND 
AGND 


This is. the digital ground pin (see Figure 6). 
This is the analog ground pin (see Figure 6). 


National Semiconductor 


L8-cLoav 


ADC12181 
12-Bit, 10 MHz Self-Calibrating, Pipelined A/D Converter 
with Internal Sample & Hold 


General Description Features 


The ADC12181 is a monolithic CMOS analog-to-digital con- Single 5V power supply 

verter capable of converting analog input signals into 12-bit Simple analog input interface 
digital words at 10 megasamples per second (MSPS). The Internal Sample-and-hold 
ADC12181 utilizes an innovative pipeline architecture to Internal Reference buffer amplifier 
minimize die size and power consumption. Self-calibration Low power consumption 

and error correction maintain accuracy and performance 
over temperature. 


The ADC12181 converter operates on a 5V power supply 





Key Specifications 


and can digitize analog input signals in the range of 0 to 2V. B Resolution 42 Bits 
A single convert clock controls the conversion operation. All 
digital /O is TTL compatible. a ranvelceninate ue ie co) 
+ 
The ADC12181 is designed to minimize external compo- siete a0 EOS Kp) 
nents necessary for the analog input interface. An internal = SNR 65 dB (typ) 
sample-and-hold circuit samples the analog input and an in- mg ENOB 10.4 Bits (typ) 
ternal amplifier buffers the reference voltage input. m Analog Input Range 2 Vpp (min) 
The ADC 12181 is available in the 32-lead TQFP package 
| #59 

and is designed to operate over the extended commercial a eee ue anehe 
temperature range of -40°C to +85°C. m Power Consumption, 10 MHz 235 mW (typ) 

Applications 

m™ Image processing front end 

m PC-based data acquisition 

m Scanners | 

m Fax machines 

= Waveform digitizer 


Connection Diagram 


READY 
OR 
D11 
D10 
D9 


a 2S 2 
er er & 
> > > 


52.3140 29 26 





1 D8 
2 D7 
3 D6 
4 D , Vp 1/0 
5) A C1218 DGND |/0 
6 D5 
7 D4 
8 D3 
10 1112 13 14 15 16 

a NM Lit a a oO —_ N 

Zz IS Zz = A aA Aa 

Oo oO o 

a Qa 


DS101039-1 
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ADC12181 





Ordering Information 


Industrial Package 
(-40°C < TA < +85°C) 


ADC12181CIVT 32 pin TQFP 
ADC12181 EVAL Evaluation Board 










Simplified Block Diagram 


Vpp 
Reference 
VREF VRM 
Buffers 
VRN 












VIN 






Stage Stage Stage Stage Stage E Stage fi Stage 
1 2 3 n 13 14 15 











VINCOM 

















Correction 
eel a 
Module READY 
Output _ 
OE 
DS101039-2 
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n Descriptions and 7 aah Circuits #2 


Analog signal input. With a 2.0V reference voltage, 
VReEF 
AGND 
Positive reference bypass pin. Bypass with a 0.1yuF 


input signal voltages in the range of 0 to 2.0 Volts 
will be converted. See section 1.2. 

Vap capacitor. Do not connect anything else to this pin. 
See section 3.1 













Reference voltage input. This pin should be driven 
from an accurate, stable reference source in the 

range of 1.8 to 2.2V and bypassed to a low-noise 
analog ground with a monolithic ceramic capacitor, 
nominally 0.01pF. See section 1.1. 


< 
z 


NO 


Reference midpoint bypass pin. Bypass with a 
Vam 0.1pF capacitor. Do not connect anything else to 
this pin. See section 3.1 


G 


Negative reverence bypass pin. Bypass with a 
0.1pF capacitor. Do not connect anything else to 
this pin. See section 3.1 


Sample Clock input, TTL compatible. Maximum 
amplitude should not exceed 3V. 
Calibration request, active High. Calibration cycle 


starts when CAL returns to logic low. CAL is ignored 
during power-down mode. See section 2.2. 


Power-down, active High, ignored during calibration 
cycle. See paragraph 2.4 


Output enable control, active low. When this pin is 
high the data outputs are in Tri-state 
(high-impedance) mode. 


Vp 
Over range indicator. This pin is at a logic High for 
Vin < 0 or for Vin > Veer: 
DGND 
Device ready indicator, active High. This pin is at a 
READY logic Low during a calibration cycle and while the 
device is in the power down mode. 


Vp 1/0 


30 


< 
D 
zZ 


10 CLOCK 









—s 









nN 
© 


Digital output word, CMOS compatible. DO (pin 14) 


ak is LSB, D11 (pin 27) is MSB. Load with no more 


29-07 DO - D11 


than 50pF. 


> 
[— 





DGND 1/0 
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ADC12181 


Pin Descriptions and Equivalent Circuits #2 (continued) 





Tne. | Symbor | 


DGND I/O 
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. . Equivalent Circuit 


6-106 


Description . 
Analog input common. Connect to a quiet point in 
analog ground near the driving device. See section 
1.2. 


Positive analog supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and Vp should have 
a common supply and be separately bypassed with 
a 5uF to 10uF capacitor and a 0.1pF chip capacitor. 


The ground return for the analog supply. AGND and 
DGND should be connected together close to the 
ADC12181 package. See section 5.0. 


Positive analog supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and Vp should have 
a common supply and be separately bypassed with 
a 5uF to 10uF capacitor and a 0.1 uF chip 
capacitor. 


The ground return for the analog supply. AGND and 
DGND should be connected together close to the 
ADC12181 package. See section 5.0 


The digital output driver supply pin. This pin can be 
operated from a supply voltage of 3V to 5V, but the 
voltage on this pin should never exceed the V, 
supply pin voltage. 


The ground return for the output drivers. This pin 
should be returned to a point in the digital ground 
that is removed from the other ground pins of the 
ADC12181. 





ADC12191 


National Semiconductor 


12-Bit, 10 MHz Self-Calibrating, Pipelined A/D Converter 


with Internal Sample & Hold 


General Description 


The ADC12191 is a monolithic CMOS analog-to-digital con- 
verter capable of converting analog input signals into 12-bit 
digital words at 10 megasamplies per second (MSPS). The 
ADC12191 utilizes an innovative pipeline architecture to 
minimize die size and power consumption. The ADC12191 
uses self-calibration and error correction to maintain accu- 
racy and performance over temperature. 


The ADC12191 converter operates on a 5V power supply 
and can digitize analog input signals in the range of 0 to 2V. 
A single convert clock controls the conversion operation. All 
digital 1/O is TTL compatible. 

The ADC12191 is designed to minimize external compo- 
nents necessary for the analog input interface. An internal 
sample-and-hold circuit samples the analog input and an in- 
ternal amplifier buffers the reference voltage input. 

The ADC12191 is available in the 32-lead TQFP package 
and is designed to operate over the extended commercial 
temperature range of -40°C to +85°C. 


Connection Diagram 


READY 
OR 
Dit 


oa = z 
cx ef & 
> > > 


52:51, 3029 28 





Features 

m Single 5V power supply 

= Simple analog input interface 

m Internal Sample-and-hold 

m Internal Reference buffer amplifier 
m Low power consumption 


Key Specifications 


m@ Resolution 12 Bits 
m Conversion Rate 10 Msps (min) 
m DNL +0.5 LSB (typ) 
gm SNR 63 dB (typ) 
m ENOB | 10 Bits (typ) 
m Analog Input Range 2 Vpp (min) 
m@ Supply Voltage | +5V +5% 
m Power Consumption, 10 MHz 235 mW (typ) 
Applications 


m™ Image processing front end 
m PC-based data acquisition 
m Scanners 

m Fax machines 

= Waveform digitizer 


D10 
D9 
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Vin “2 D7 
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ADC12191 


Ordering Information 


industrial 
(-40°C < TA < +85°C) 


ADC12191CIVT 





Simplified Block Diagram — 


Vep 
Reference 
VREF VRM 
Buffers 
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n Descriptions and Equivalent Circuits #2 


Symbol Equivalent Circuit Description 


Analog signal input. With a 2.0V reference voltage, 


L6LCLOQV 


Vin input signal voltages in the range of 0 to 2.0 Volts 
will be converted. See section 1.2. 








Reference voltage input. This pin should be driven 
from an accurate, stable reference source in the 

range of 1.8 to 2.2V and bypassed to a low-noise 
analog ground with a monolithic ceramic capacitor, 
nominally 0.01uF. See section 1.1. 






< 
D 
m 
Ti 





AGND 
wy) 


Positive reference bypass piri. Bypass with a 0.1pF 
capacitor. Do not connect anything else to this pin. 
See section 3.1 










< 
BY 
fs 





Reference midpoint bypass pin. Bypass with a 


Vam 0.1pF capacitor. Do not connect anything else to 
this pin. See section 3.1 
Negative reverence bypass pin. Bypass with a 
30 Van 0.1uF capacitor. Do not connect anything else to 


this pin. See section 3.1 


Sample Clock input, TTL compatible. Maximum 
amplitude should not exceed 3V. 

Calibration request, active High. Calibration cycle 
starts when CAL returns to logic low. CAL is ignored 
during power-down mode. See section 2.2. 
Power-down, active High, ignored during calibration 
cycle. See paragraph 2.4 

Output enable control, active low. When this pin is 
high the data outputs are in Tri-state 
(high-impedance) mode. 


10 LOCK 


: 


CAL 






coal 


MN nN — 
co Oo 








Over range indicator. This pin is at a logic High for 
Vin < 0 or for Vin > Veer. 


Device ready indicator, active High. This pin is ata 
logic Low during a calibration cycle and while the 
device is in the power down mode. 





READY 






Vp '/0 





Digital output word, CMOS compatible. DO (pin 14) 
is LSB, D11 (pin 27) is MSB. Load with no more 
than 50pF. 


14-19, 


99-97 DO - D11 






DGND 1/0 
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Pin Descriptions and Equivalent Circuits #2 (Continued) 


Analog input common. Connect to a quiet point in 


analog ground near the driving device. See section 
; Va 
Vb 









12. 


Positive analog supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and Vp should have 
a common supply and be separately bypassed with 
a 5uF to 10uF capacitor and a 0.1uF chip capacitor. 


The ground return for the analog supply. AGND and 
DGND should be connected together close to the 
ADC12191 package. See section 5.0. 


Positive analog supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and Vp should have 
a common supply and be separately bypassed with 
a 5uF to 10uF capacitor and a 0.1 uF chip 
capacitor. 


The ground return for the analog supply. AGND and 
DGND should be connected together close to the 
ADC12191 package. See section 5.0 


The digital output driver supply pin. This pin can be 
operated from a supply voltage of 3V to 5V, but the 
voltage on this pin should never exceed the Vp 

supply pin voltage. 


The ground return for the output drivers. This pin 
should be returned to a point in the digital ground 
that is removed from the other ground pins of the 
ADC12191. 
















4,6 AGND 


9, 12 DGND 
Vp VO 
DGND 1/0 
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ADC12281 


National Semiconductor 


12-Bit, 20 MSPS Single-Ended Input, Pipelined A/D 


Converter 


General Description 


The ADC 12281 is a monolithic CMOS analog-to-digital con- 
verter capable of converting analog input signals into 12-bit 
digital words at 20 megasamples per second (MSPS). It uti- 
lizes a pipeline architecture to minimize die size and power 
dissipation. Self-calibration and error correction maintain ac- 
curacy and performance over temperature. 


The ADC12281 operates on a 5V power supply and can digi- 
tize single-ended analog input signals in the range of OV to 
2V. A single convert clock controls the conversion operation 
and ail digital 1/O is TTL compatible. 


The ADC12881 is designed to minimize external compo- 
nents necessary for the analog input interface. An internal 
sample-and-hold circuit samples the single-ended analog in- 
put and an internal amplifier buffers the reference voltage in- 
put. 

The Power Down feature reduces power consumption to 
20 mW, typical. 


The ADC12281 is available in the 32-lead TQFP package 
and is designed to operate over the industrial temperature 
range of -40°C to +85°C. 


Connection Diagram 
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AGND 
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Features 

m@ Single 5V power supply 

m Single-ended analog input 

# Internal sample-and-hold 

m Internal reference buffer amplifier 
= Low offset and gain errors 


Key Specifications 


m™ Resolution 12 bits 
m= Conversion rate up to 20 MSPS 
m@ DNL 0.35 LSB (typ) 
= SNR 65.5 dB (typ) 
= ENOB 10.5 bits (typ) 
mw Analog input range 2 Vpp (min) 
= Supply voltage +5V +5% 


m Power consumption, 20 MHz 443 mW (typ) 
Applications 

m Digital signal processing front end 

= Digital television 

m Radar 

@ High speed data links 

m Waveform digitizers 

™ Quadrature demodulation 


D11 
D10 
D9 


13 14 15 16 
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32-Lead TQFP Package 
Order Number ADC12281CIVT 
See NS Package Number VBE32A 
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ADC12281 


Ordering Information 







Simplified Block Diagram 
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15-Stage Pipeline Converter 
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tt] ——€$ RANGE 
Sees A 
Module READY 
fF Output 12 = 
CAL >e | cutters DOO-D11 
OE 
DS101027-2 
Pin Descriptions and Equivalent Circuits 
Pin Symbol Equivalent Circuit Description | 
Single-ended analog signal input. With a 2.0V 
9 V reference voltage, input signal voltages in the 
me range of OV to 2.0V will be converted. See Section 
1.2. 
Reference voltage input. This pin should be driven 
from an accurate, stable reference source in the 
1 Vrer range of 1.8V to 2.2V and bypassed to a 
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low-noise ground with a monolithic ceramic 
capacitor, nominally 0.01 yF. See Section 1.1.. 


Pin Descriptions and Equivalent Circuits (Continued) 


Pin Symbol Equivalent Circuit Description 


L8ccLodv 


Positive reference bypass pin. Bypass with a 


32 Vap 0.1 uF capacitor. Do not connect anything else to 
this pin. See Section 3.1. 
Reference midpoint bypass pin. Bypass with a 

31 Vam 0.1 uF capacitor. Do not connect anything else to 


this pin. See Section 3.1. 





Negative reference bypass pin. Bypass with a 
0.1 uF capacitor. Do not connect anything else to 
this pin. See Section 3.1. 


10 CLOCK Sample clock input, TTL compatible. Amplitude 
should not exceed 3 Vp._p. 
Calibration request, active High. Calibration cycle 
starts when CAL returns to logic low. CAL is 
8 ; , 
ignored during power-down mode. See Section 
2.2. 
7 Power-down, active High, ignored during 
= calibration cycle. See paragraph 2.4. 
Output enable control, active low. When this pin is 
11 high the data outputs are in TRI-STATE® 
(high-impedance) mode. 
Vp 
28 Over-range indicator. This pin is at a logic High, 
for Vin < 0 or for Vin > Veer: 
Device ready indicator, active High. This pin will 
29 READY be at a logic Low during a calibration cycle and 
while the device is in the power down mode. 
DGND 


30 


Vp 1/0 
14-19 Digital output word, CMOS compatible. DO (pin 19) 
DO-D11 is LSB, D11 (pin 36) is MSB. Load with no more 
22-27 
than 25 pF. 
DGND 1/0 


g s 
= : 
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Pin Descriptions and equivatent Circuits (Continued) 


Pin Symbol! Equivalent Circuit 


| 7 


4,6 


13 


21 


20 
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DGND 1I/O 
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Description 
Analog input common. Connect to a quiet point in 
analog ground near the driving device. See 
Section 1.2. 


Positive analog supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and V, should 
have a common supply and be separately 
bypassed with a 5 uF to 10 uF capacitor and a 
0.1 uF chip capacitor. 


The ground return for the analog supply, AGND 
and DGND should be connected together close to 
the ADC 12281 package. See Section 5.0. 


Positive digital supply pin. Connect to a clean, 
quiet voltage source of +5V. V, and Vp should 
have a common supply and be separately 
bypassed with a 5 uF to 10 pF capacitor and a 
‘0.1 uF chip capacitor. 


The ground return for the digital supply. AGND 
and DGND should be connected together close to 
the ADC12281 package. See Section 5.0. 


The digital output driver supply pins. This pin can 
be operated from a supply voltage of 3V to 5V, but 
the voltage on this pin should never exceed the 
Vp supply pin voltage. See Section 3.4. 


The ground return for the digital output drivers. 
This pin should be returned to a point in the digital 
ground that is removed from the other ground pins 
of the ADC 12281. 


National Semiconductor 


L90vLOaV 


ADC14061 
Self-Calibrating 14-Bit, 2.5 MSPS, 390 mW A/D Converter 


General Description Features 


The ADC14061 is a self-calibrating 14-bit, 2.5 Megasample ™ Single +5V Operation 

per second analog to digital converter. It operates ona single m Auto-Calibration 

+5V supply, consuming just 390mW (typ). = Power Down Mode 

The ADC14061 provides an easy and affordable upgrade # TTL/CMOS Input/Output compatible 
from 12 bit converters. The ADC14061 may also be used to 


replace many hybrid converters with a resultant saving of Key Specifications 
space, power and cost. 





The ADC14061 operates with excellent dynamic perfor- | ™@ Resolution 14 Bits 
mance at input frequencies up to % the clock frequency. The m@ Conversion Rate 2.5 Msps (min) 
calibration feature of the ADC14061 can be used to get more mw DNL 0.3 LSB (typ) 
consistent and repeatable results over the entire operating 

temperature range. On-command self-calibration reduces (™% SNR (fin = 500 kHz) 80 dB (typ) 
many of the effects of temperature-induced drift, resulting in m ENOB 12.8 Bits (typ) 
more repeatable conversions. m Supply Voltage 45V 45% 
The Power Down feature reduces power consumption to ™ Power Consumption 390mW (typ) 


less than 2mW. 


The ADC14061 comes in a TQFP and is designed to operate Applications 


over the commercial temperature range of 0°C to +70°C. : 
# Instrumentation 


m PC-Based Data Acquisition 
= Data Communications 

= Blood Analyzers 

m= Sonar/Radar 


Connection Diagram 


VREF (MID) 
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PD 
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RESET 
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Ordering Information 


Commercial Package 
(O°C < TA < +70°C) 


ADC14061CCVT VEG52A 52 Pin Thin Quad Flat Pack 
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Block Diagram 
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Pin Descriptions and Equivalent Circuits 


Symbol Equivalent Circuit 


Pin 
No. 
Analog I/O 
: 
; 
; 
: 
; 
. 
51 








L9OPLOdV 


Description 


Non-Inverting analog signal Input. With a 2.0V reference voltage anda 
2.0V common mode voltage, Voy, the input signal voltage range is from 
1.0 volt to 3.0 Volts. 


Inverting analog signal Input. With a 2.0V reference voltage and a 2.0V 
common mode voltage, Voy, the input signal voltage range is from 1.0 Volt 
to 3.0 Volts. The input signal should be balanced for best performance. 


Positive reference input. This pin should be bypassed to AGND with a 0.1 
UF monolithic capacitor. Vacr+ Minus Veer jn Should be a minimum of 
1.8V and a maximum of 2.2V. The full-scale input voltage is equal to 
Vrert in Minus Veer— in- 

Negative reference input. In most applications this pin should be connected 
to AGND and the full reference voitage applied to Vrert jn. If the 
application requires that Vaer—iy be offset from AGND, this pin should be 
bypassed to AGND with a 0.1 uF monolithic capacitor. Vaee+ iy Minus 
Voce. ny Should be a minimum of 1.8V and a maximum of 2.2V. The 
full-scale input voltage is equal to Vaer+ in MINUS Veer— n - 

Output of the high impedance positive reference buffer. With a 2.0V 
reference input, and with a Voy, of 2.0V, this pin will have a 3.0V output 
voltage. This pin should be bypassed to AGND with a 0.1 uF monolithic 
capacitor in parallel with a 10 uF capacitor. 





The output of the negative reference buffer. With a 2.0V reference and a 
Vom Of 2.0V, this pin will have a 1.0V output voltage. This pin should be 
bypassed to AGND with a 0.1 uF monolithic capacitor in parallel with a 10 
uF capacitor. 


Output of the reference mid-point, nominally equal to 0.4 V4 (2.0V). This 
pin should be bypassed to AGND with a 0.1 uF monolithic capacitor. This 
voltage is derived from Voy. 


Input to the common mode buffer, nominally equal to 40% of the supply 
voltage (2.0V). This pin should be bypassed to AGND with a 0.1 UF 
monolithic capacitor. Best performance is obtained if this pin is driven with 
a low impedance source of 2.0V. 
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Pin Descriptions and Equivalent Circuits (Continued) 


Digital /O 


Clock 


11 CAL 


40 RESET 


" ale 
O 


18 
44 
17 EOC 
23-32 
35.38 | 200-13 


Analog Power 


6, 7, 

. 
5, 8, 

46 AGND 
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Yb 
DGND 


Yp 1/0 


DGND 1/0 


Digital clock input. The input voltage is captured tap after the fall of the 
clock signal. The range of frequencies for this input is 300 kHz to 2.5 MHz. 
The clock frequency should not be changed or interrupted during 
conversion or while reading data output. 


CAL is a level-sensitive digital input that, when pulsed high for at least two 
clock cycles, puts the ADC into the CALIBRATE mode. Calibration should 
be performed upon ADC power-up (after asserting a reset) and each time 
the temperature changes by more than 50°C since the ADC 14061 was last 
calibrated. See Section 2.3 for more information. 

RESET is a Jevel-sensitive digital input that, when pulsed high for at least 2 
CLOCK cycles, results in the resetting of the ADC. This reset pulse must 
be applied after ADC power-up, before calibration. 


RD is the (READ) digital input that, when low, enables the output data 
buffers. When this input pin is high, the output data bus is in a high 
impedance state. 


PD is the Power Down input that, when low, puts the converter into the 
power down mode. When this pin is high, the converter is in the active 
mode. 


EOC is a digital output that, when low, indicates the availability of new 
conversion results at the data output pins. 


Digital data outputs that make up the 14-bit TRI-STATE conversion results. 
DOO is the LSB, while D13 is the MSB (SIGN bit) of the two’s complement 
output word. 


Positive analog supply pins. These pins should be connected to a clean, 
quiet +5V source and bypassed to AGND with 0.1 uF monolithic capacitors 
in parallel with 10 uF capacitors, both located within 1 cm of these power 
pins. 

The ground return for the analog supply. AGND and DGND should be 
connected together directly beneath the ADC14061 package. See Section 
5 (Layout and grounding) for more details). 
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Pin Descriptions and Equivalent Circuits (continued) 


Digital Power 


L907 LodaVv 


Positive digital supply pin. This pin should be connected to the same clean, 
quiet +5V source as is V, and bypassed to DGND with a 0.1 uF monolithic 


29 Vo capacitor in parallel with a 10yuF capacitor, both located within 1 cm of the 
power pin. 
; mo : The ground return for the digital supply. AGND and DGND should be 
At 49 DGND connected together directly beneath the ADC14061 package. See Section 


43 5 (Layout and Grounding) for more details. 


Positive digital supply pin for the ADC14061’s output drivers. This pin 
should be connected to a +3V to +5V source and bypassed to DGND I/O 
34 V. VO with a 0.1 uF monolithic capacitor. If the supply for this pin is different from 
a the supply used for V, and Vp, it should also be bypassed with a 10 pF 
capacitor. All bypass capacitors should be located within 1 cm of the 
supply pin. 6 


The ground return for the digital supply for the ADC14061’s output drivers. 
This pin should be connected to the system digital ground, but not be 
connected in close proximity to the ADC14061’s DGND or AGND pins. See 
Section 5.0 (Layout and Grounding) for more details. 


33 DGND I/O 


NC 









All pins marked NC (no connect) should be left floating. Do not connect the 
NC pins to ground, power supplies, or any other potential or signal. These 
pins are used for test in the manufacturing process. 
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ADC14071 


National Semiconductor 


14-Bit, 7 MSPS, 380 mW A/D Converter 


General Description 

The ADC14071 is a 14-bit, monotholic analog to digital con- 
verter capable of conversion rates up to 8 Megasamples per 
second. This CMOS converter uses a differential, piperlined 
architecture with digital error correction and an on-chip 
track-and-hold circuit to maintain superb dynamic perfor- 
mance with input frequencies up to 20MHz. Tested and guar- 
anteed dynamic performance specifications provide the de- 
signer with known performance. The ADC 14071 operates on 
a +5V single supply consuming just 380mW (typical). The 
Power Down feature reduces power consumption to 20mW, 
typical. 

The differential inputs provide a full scale input swing of 
+V per with the possibility of a single input. Full use of the dif- 
ferential input is recommended for optimum perfomance. For 
ease of use, the reference input is single ended. This single- 
ended reference input is converted on-chip to a differential 
reference configuration for use by the processing circuitry. 
Output data format is 14-bit straight binary. 

The ADC14071 may be used to replace many hybrid con- 
verters with a resultant saving of space, power and cost. 


The ADC14071 comes in a 48-pin TQFP and is specified to 
operate over the industrial temperature range of —40°C to 
+85°C. 


Connection Diagram 
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ADC14071 
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Features 

# Single +5V Operation 

m Power Down Mode 

m TTL/CMOS Input/Output Compatible 


Key Specifications 
Resolution 

Max Conversion Rate 

DNL 

SNR (fi = 500 kHz) 

ENOB (fy = 500 kHz) 
Supply Voltage 

Power Consumption 


Applications 
Document Scanners 
Imaging 

Instrumentation 
PC-Based Data Acquisition 
Spectrum Analyzers 
Sonar/Radar 

xDSL 

Wireless Local Loop 
Data Acquisition Systems 
DSP Front End 


TIN/C 
PI N/C 
[J DRGND 


36 {J or 
35 [1013 
34 1012 
331011 
32 F110 
31 IDR, 
30 [2] RGND 
29 [1 pg 
28 [718 
27 F107 
26 [1 D6 
25 [1 ps 
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14 Bits 

7 Msps (min) 
+0.6 LSB (typ) 
80 dB (typ) 
12.6 Bits (typ) 
+5V +5% 

380 mW (typ) 


Ordering Information 


Industrial Temperature Range 
NS P 
(-40°C < T, < +85°C) 2 reckage 


LZ0vpLOdv 


ADC14071CIVBH VBH48A 48-Pin Thin Quad Flatpak 
ADC14071EVAL Evaluation System 





Block Diagram 
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Pin Descriptions and Equivalent Circuits 


Pin No. Symbol Equivalent Circuit Description 


ANALOG I/O 


VReEF IN 


Non-Inverting analog signal input. With a 2.0V reference 
voltage the input signal voltage range is from OV to 2.0V. 
Inverting analog signal input. With a 2.0V reference voltage 
the input signal voltage range is from OV to 2.0V. This pin 
_may be connected to a voltage of 1% the reference voltage 
for single-ended operation, but a balanced input signal is 
required for best performance. 
Positive reference input. This pin should be bypassed to 
AGND with a 0.1 uF monolithic capacitor. Veer is 2.0V 
nominal and should be in the range of 1.0V to 2.7V. 
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Pin Descriptions and Equivalent Circuits (continued) 








ANALOG I/O 


47 


| 


: 


DIGITAL I/O 


: a 
: a 
EB 


19-23, 
25-29, DO—D13 
32-35 | 

ANALOG POWER 


5, 6, 7, 
i " 
4, 8, 9, | 
14, 15, AGND 
42 
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Equivalent Circuit 


6-122 


Description | 





These pins are high impedance reference bypass pins only. 
Connect a 0.1yF capacitor from each of these pins the 
AGND. DO NOT connect anything else to these pins. 


Digital clock input. The range of frequencies for this input is 
25 kHz to 8 MHz (typical) with guaranteed performance at 7 
MHz. The input is sampled on the rising edge of this input. 


OE is the output enable pin that, when low, enables the 
TRI-STATE® data output pins. When this pin is high, the 
outputs are in a high impedance state. 


PD is the Power Down input pin. When high, this input puts 
the converter into the power down mode. When this pin is 
low, the converter is in the active mode. 


Out of Range pin. A high at this output pin indicates that the 
input voltage is either above the reference voltage or is 
below ground. When this pin is high, the digital output pins 
will indicate a full scale for input voltages above the 
reference voltage, or will indicate a zero scale for input 
voltages below zero scale. . 


Digital data output pins that make up the 14-bit conversion 
results. DO is the LSB, while D13 is the MSB of the straight 
binary output word. 


Positive analog supply pins. These pins should be 
connected to a clean, quiet +5V voltage source and 
bypassed to AGND with 0.1 uF monolithic capacitors located 
within 1 cm of these power pins, and by a 10 uF capacitor. 
The ground return for the analog supply. AGND and DGND 
should be connected together directly beneath the 
ADC14071 package. See Section 5 (Layout and Grounding) 
for more details. 


Pin Descriptions and Equivalent Circuits (Continued) 


Pin No. Symbol Equivalent Circuit Description 


DIGITAL POWER 


LZOvLOdv 


Positive digital supply pin. This pin should be connected to 
the same clean, quiet +5V source as is V, and bypassed to 
DGND with a 0.1 uF monolithic capacitor in parallel with a 
10 uF capacitor, both located within 1 cm of the power pin. 
The ground return for the digital supply. AGND and DGND 
should be connected together directly beneath the 
ADC14071 package. See Section 5 (Layout and Grounding) 
for more details. 


Positive digital supply pin for the ADC14071’s output drivers. 
This pin should be connected to a voltage source of +3 to 
+5V and bypassed to DR GND with a 0.1 uF monolithic 

34 DR V capacitor. If the supply for this pin is different from the 

. supply used for V, and Vp, it should also be bypassed with 

a 10 pF tantalum capacitor and never exceed the voltage on 
Vp. All bypass capacitors should be located within 1 cm of 
the supply pin. 


17 D 


16 DGND 





The ground return for the digital supply for the ADC 14071’s 
output drivers. These pins should be connected to the 
system digital ground, but not be connected in close 
proximity to the ADC14071’s DGND or AGND pins. See 
Section 5 (Layout and Grounding) for more details. 


24, 30, 


37 DR GND 


NC 








All pins marked NC (no connect) should not be connected to 
any potential (or to ground). Allow these pins to float. 
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National Semiconducto r 


ADC14161 sg : 
Low-Distortion, Self-Calibrating 14-Bit, 2.5 MSPS, 
390 mW A/D Converter 


General Description Features 


The ADC14161 is a self-calibrating 14-bit, 2.5 Megasample m Single +5V Operation 

per second analog to digital converter. It operates ona single = ™ Auto-Calibration 

+5V supply, consuming just 390mW (typical). = Power Down Mode 

The ADC14161 provides an easy and affordable upgrade ™ TTL/CMOS Input/Output compatible 
from 12 bit converters. The ADC 14161 may also be used to 


replace many hybrid converters with a resultant saving of Key Specifications 
space, power and cost. 


The ADC14161 operates with input frequencies up to 2 the = _—M™@ Resolution 14 Bits 
clock frequency. The calibration feature of the ADC14161 ™@ Conversion Rate 2.5 Msps (min) 
can be used to get more consistent and repeatable results mw DNL 0.3 LSB (typ) 
over the entire operating temperature range. On-command 

self-calibration reduces many of the effects of  % SNR (fin = 500 kHz) 80 dB (typ) 
temperature-induced drift, resulting in more repeatable con- m& ENOB 12.8 Bits (typ) 
versions. | m Supply Voltage +5V +5% 
Tested and guaranteed dynamic performance specifications m Power Consumption 390mW (typ) 


provide the designer with known performance. 
The Power Down feature reduces power consumption to Applications 
less than 2mW. | 


The ADC14161 comes in a TQFP and is designed to operate 
over the indusirial temperature range of —40°C to +85°C. . 


m@ Instrumentation 

m= PC-Based Data Acquisition 
= Data Communications 

m= Blood Analyzers 

m= Sonar/Radar 


Connection Diagram 


VREF (MID) 
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Ordering Information 













Industrial 
(-40°C < TA < +85°C) 


ADC14161CIVT VEG52A 52 Pin Thin Quad Flat Pack 


Package 
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Block Diagram 
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ADC14161 


Pin Descriptions and Equivalent Circuits 








sh Symbol | Equivalent Circuit 


Analog vO... 


48 Vrert IN 


; 
: 
: 


. - 
Va 
51 Was x 
AGND 


Digital I/O 
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Description 


Non-Inverting analog signal Input. With a 2.0V reference voltage and a 
2.0V common mode voltage, Voy, the input signal voltage range is from 


— 1.0 volt to 3.0 Volts. 


Inverting analog signal Input. With a 2.0V reference voltage and a 2.0V 
common mode voltage, Voy, the input signal voltage range is from 1.0 Volt 
to 3.0 Volts. The input signal should be balanced for best performance. 


Positive reference input. This pin should be bypassed to AGND with a 0.1 
UF monolithic capacitor. Vaee+ Minus Veer_ jn Should be a minimum of 
1.8V and a maximum of 2.2V. The full-scale input voltage is equal to 
Vrert in Minus VreF— In- 

Negative reference input. In most applications this pin should be connected 
to AGND and the full reference voltage applied to Varrt in. If the 
application requires that Vaer—in be offset from AGND, this pin should be 
bypassed to AGND with a 0.1 uF monolithic capacitor. Vaert+ jy Minus 

V should be a minimum of 1.8V and a maximum of 2.2V. The 


REF— IN 
full-scale input voltage is equal to Vaer+ in MINUS VReF— IN - 


Output of the high impedance positive reference buffer. With a 2.0V 
reference input, and with a Voy of 2.0V, this pin will have a 3.0V output 
voltage. This pin should be bypassed to AGND with a 0.1 uF monolithic 
capacitor in parallel with a 10 uF capacitor. 


The output of the negative reference buffer. With a 2.0V reference and a 
Vom Of 2.0V, this pin will have a 1.0V output voltage. This pin should be 
bypassed to AGND with a 0.1 uF monolithic capacitor in parallel with a 10 
UF capacitor. 


Output of the reference mid-point, nominally equal to 0.4 V, (2.0V). This 
pin should be bypassed to AGND with a 0.1 uF monolithic capacitor. This 
voltage is derived from Very. 


Input to the common mode buffer, nominally equal to 40% of the supply 
voltage (2.0V). This pin should be bypassed to AGND with a 0.1 uF 
monolithic capacitor. Best performance is obtained if this pin is driven with 
a low impedance source of 2.0V. 





Digital clock input. The input voltage is captured t,p after the fall of the 
clock signal. The range of frequencies for this input is 300 kHz to 2.5 MHz. 
The clock frequency should not be changed or interrupted during 

conversion or while reading data output. 
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Pin Descriptions and Equivalent Circuits (continued) 


oa Symbol Equivalent Circuit Description 


CAL is a level-sensitive digital input that, wnen pulsed high for at least two 
clock cycles, puts the ADC into the CALIBRATE mode. Calibration should 
be performed upon ADC power-up (after asserting a reset) and each time 
the temperature changes by more than 50°C since the ADC 14161 was last 
calibrated. See Section 2.3 for more information. 


RESET is a level-sensitive digital input that, when pulsed high for at least 2 
CLOCK cycles, results in the resetting of the ADC. This reset pulse must 
be applied after ADC power-up, before calibration. 


RD is the (READ) digital input that, when low, enables the output data 


LOLPLOaGV 


11 CAL 


40 RESET 








18 buffers. When this input pin is high, the output data bus is in a high 
impedance state. 
PD is the Power Down input that, when low, puts the converter into the 
44 power down mode. When this pin is high, the converter is in the active 
mode. 
Yp 
—— EOC is a digital output that, when low, indicates the availability of new 
17 EOC 
conversion results at the data output pins. 
DGND 
Vp 1/0 
23-32 Digital data outputs that make up the 14-bit TRI-STATE conversion results. 
35-38 DO0-13 DOO is the LSB, while D13 is the MSB (SIGN bit) of the two’s complement 


output word. 


DGND 1/0 


Analog Power 


| Positive analog supply pins. These pins should be connected to a clean, 
6, 7, V quiet +5V source and bypassed to AGND with 0.1 uF monolithic capacitors 
45 : in parallel with 10 uF capacitors, both located within 1 cm of these power 
pins. 
5 8 The ground return for the analog supply. AGND and DGND should be 
pees AGND connected together directly beneath the ADC14161 package. See Section 
46 ; ; 
5 (Layout and grounding) for more details). 
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ADG14161 


Pin Descriptions and Equivalent Circuits (Continued) 


hs Symbol 


Digital Power. 





20 


(12,13 
14,19 
41,42 

43 


34 Vp VO | 
33 DGND 1/0 


NC 


DGND 








9,15, 
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Equivalent Circuit 










Description 


Positive digital supply pin. This pin should be connected to the same clean, 
| quiet +5V source of as is V, and bypassed to DGND with a 0.1 uF 
monolithic capacitor in parallel with a 10”UF capacitor, both located within 1 
cm of the power pin. | 

The ground return for the digital supply. AGND and DGND should be 
connected together directly beneath the ADC14161 package. See Section 
5 (Layout and Grounding) for more details. 


Positive digital supply pin for the ADC14161’s output drivers. This pin 
should be connected to a +38V to +5V source and bypassed to DGND I/O 


- with a 0.1 uF monolithic capacitor. If the supply for this pin is different from 


the supply used for V, and Vp, it should also be bypassed with a 10 UF 
capacitor. All bypass capacitors should be located within 1 cm of the 
supply pin. 

The ground return for the digital supply for the ADC14161’s output drivers. 
This pin should be connected to the system digital ground, but not be 
connected in close proximity to the ADC14161’s DGND or AGND pins. See 
Section 5.0 (Layout and Grounding) for more details. 


All pins marked NC (no connect) should be left floating. Do not connect the 
NC pins to ground, power supplies, or any other potential or signal. These 
pins are used for test in the manufacturing process. 
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ADC16061 


Self-Calibrating 16-Bit, 2.5 MSPS, 390 mW A/D Converter 


General Description 


The ADC16061 is a self-calibrating 16-bit, 2.5 Megasample 
per second analog to digital converter. It operates on a single 
+5V supply, consuming just 3890mW (typical). 


The ADC16061 provides an easy and affordable upgrade 
from 12 bit and 14 bit converters. The ADC16061 may also 
be used to replace many hybrid converters with a resultant 
saving of space, power and cost. 

The ADC16061 operates with excellent dynamic perfor- 
mance at input frequencies up to 2 the clock frequency. The 
calibration feature of the ADC16061 can be used to get more 
consistent and repeatable results over the entire operating 
temperature range. On-command self-calibration reduces 
many of the effects of temperature-induced drift, resulting in 
more repeatable conversions. 

The Power Down feature reduces power consumption to 
less than 2mW. 


The ADC16061 comes in a TQFP and is designed to operate 
over the commercial temperature range of 0°C to +70°C. . 


Connection Diagram 


& OO f we & & 


Features 

m= Single +5V Operation 
m Self Calibration 

m= Power Down Mode 


Key Specifications 


m Resolution 

m Conversion Rate 

m DNL 

Bw SNR (fi = 500 kHz) 
m Supply Voltage 

m Power Consumption 


Applications 
PC-Based Data Acquisition 
Document Scanners 
Digital Copiers 

Film Scanners 

Blood Analyzers 
Sonar/Radar 


DGND 
DGND 
DGND 
RESET 


52 51 50 49 48 47 46 45 44 43 42 


1 

2 
=) 
4 
5 
6 
7 
8 
9 


ADC16061 %p 1/0 
(TQFP) 


DGND |/0 


14 15 16 17 18 19 20 21 22 23 24 25 26 


DGND 
RD 
DGND 


Ordering Information 









DS100889-1 


Commercial Package 
(0°C < TA < +70°C) 


ADC16061CCVT VEG52A 52 Pin Thin Quad Flat Pack 
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16 Bits 

2.5 Msps (min) 
1.0 LSB (typ) 
80 dB (typ) 
+5V +5% 
390mW (typ) 
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ADC16061 


Block Diagram 
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Pin Descriptions and Equivalent Circuits 


a Symbol Equivalent Circuit Description 


L909 LOdV 


Analog 1/0 
Non-Inverting analog signal Input. With a 2.0V reference voltage 
1 Vint and a 2.0V common mode voltage, Vey, the input signal voltage 
range is from 1.0 volt to 3.0 Volts. 
Inverting analog signal Input. With a 2.0V reference voltage and a 
4 Vie 2.0V common mode voltage, Voy, the input signal voltage range is 


from 1.0 Volt to 3.0 Volts. The input signal should be balanced for 
best performance. 


Positive reference input. This pin should be bypassed to AGND 
with a 0.1 uF monolithic capacitor. 

Vaecet MINUS Veer in Should be a minimum of 1.8V and a 
maximum of 2.2V. The full-scale input voltage is equal to Veert in 
minus Veer— in- 


+ ee 


i 


= por 
«ee 


— 





Negative reference input. In most applications this pin should be 
connected to AGND and the full reference voltage applied to 
Veert in- If the application requires that Vaer-inj be offset from 
AGND, this pin should be bypassed to AGND with a 0.1 UF 
monolithic capacitor. Vaert in MINUS Vere jy Should be a 
minimum of 1.8V and a maximum of 2.2V. The full-scale input 
voltage is equal to Vacr+ iy MINUS Vecr— nN - 

Output of the high impedance positive reference buffer. With a 
2.0V reference input, and with a Voy, of 2.0V, this pin will have a 
3.0V output voltage. This pin should be bypassed to AGND with a 
0.1 uF monolithic capacitor in parallel with a 10 uF capacitor. 


The output of the negative reference buffer. With a 2.0V reference 
and a Voy of 2.0V, this pin will have a 1.0V output voltage. This 
pin should be bypassed to AGND with a 0.1 uF monolithic 
capacitor in parallel with a 10 pF capacitor. 


Output of the reference mid-point, nominally equal to 0.4 V, 
(2.0V). This pin should be bypassed to AGND with a 0.1 UF 
monolithic capacitor. This voltage is derived from Voy. 


Input to the common mode buffer, nominally equal to 40% of the 
supply voltage (2.0V). This pin should be bypassed to AGND with 
a 0.1 uF monolithic capacitor. Best performance is obtained if this 
pin is driven with a low impedance source of 2.0V. 
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ADC16061 


Pin Descriptions and Equivalent Circuits (continue) 





Symbol 


Digital /O 


S 
40 RESET 


18 





44 


/- 


CAL 
OC 


Analog Power 
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; Equivalent Circuit 





E 
21-32 | 
36.33 | 000-15 
. DGND Os 








‘Description 


Digital clock input. The input voltage is captured t,p after the fall of 
the clock signal. The range of frequencies for this input is 300 kHz 
to 2.5 MHz. The clock frequency should not be changed or 
interrupted during conversion or while reading data output. 


CAL is a level-sensitive digital inout that, when pulsed high for at 
least two clock cycles, puts the ADC into the CALIBRATE mode. 
Calibration should be performed upon ADC power-up (after 
asserting a reset) and each time the temperature changes by more 
than 50°C since the ADC 16061 was last calibrated. See Section 
2.3 for more information. 

RESET is a level-sensitive digital input that, when pulsed high for 
at least 2 CLOCK cycles, results in the resetting of the ADC. This 
reset pulse must be applied after ADC power-up, before 
calibration. 


| RD is the (READ) digital input that, when low, enables the output 


data buffers. When this input pin is high, the output data bus is in 
a high impedance state. 


PD is the Power Down input that, when low, puts the converter 
into the power down mode. When this pin is high, the converter is 
in the active mode. 


EOC is a digital output that, when low, indicates the availability of 
new conversion results at the data output pins. 


Digital data outputs that make up the 16-bit TRI-STATE conversion 
results. DOO is the LSB, while D15 is the MSB (SIGN bit) of the 
two’s complement output word. 


Positive analog supply pins. These pins should be connected to a 
clean, quiet +5V source and bypassed to AGND with 0.1 UF 
monolithic capacitors in parallel with 10 uF capacitors, both located 
within 1 cm of these power pins. 

The ground return for the analog supply. AGND and DGND should 
be connected together directly beneath the ADC16061 package. 
See Section 5 (Layout and grounding) for more details). 
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Pin Descriptions and Equivalent Circuits (Continue) 


Pi 
oe | symbol | Equivalent Creult | auivatent creut | Circult Description 


Digital Power 


: a 
12, 
13, 
14, 
19, DGND 
41, 

42, 43 


34 


Positive digital supply pin. This pin should be connected to the 
same clean, quiet +5V source as is V, and bypassed to DGND 
with a 0.1 uF monolithic capacitor in parallel with a 10uF capacitor, 
both located within 1 cm of the power pin. 


The ground return for the digital supply. AGND and DGND should 
be connected together directly beneath the ADC16061 package. 
See Section 5 (Layout and Grounding) for more details. 


Positive digital supply pin for the ADC16061’s output drivers. This 
pin should be connected to a +3V to +5V source and bypassed to 
DGND 1/O with a 0.1 uF monolithic capacitor. If the supply for this 
pin is different from the supply used for V, and Vp, it should also 
be bypassed with a 10 uF capacitor. All bypass capacitors should 
be located within 1 cm of the supply pin. 





The ground return for the digital supply for the ADC16061’s output 
drivers. This pin should be connected to the system digital ground, 
but not be connected in close proximity to the ADC16061’s DGND 
or AGND pins. See Section 5.0 (Layout and Grounding) for more 
details. 


33 | DGND I/O 


NC 





All pins marked NC (no connect) should be left floating. Do not 
connect the NC pins to ground, power supplies, or any other 
potential or signal. These pins are used for test in the 
manufacturing process. 
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ADCV0831 


AY national Semiconductor 


ADCV0831 ee er 
8 Bit Serial I/O Low Voltage Low Power ADC with 
Auto Shutdown in a SOT Package 


General Description . Features 

The ADCV0831 is a low voltage 8-bit successive approxima- ™ Tiny 6-pin SOT 23 package 

tion A/D converter with serial I/O. The I/O is a 3-wire serial in- ™ Serial digital data link requires few I/O pins 
terface compatible with NSC’s MICROWIRE ™ & Motorola’s =m Auto Shutdown 

SPI standards. It easily interfaces with standard shift regis- g ov to 3V analog input range with single 3V power 
ters or microprocessors. ae supply 

Low voltage and auto shutdown features make the # TTL/CMOS input/output compatible 

ADCV0831 ideal for portable battery operated electronic de- 


vices. The main benefits are most apparent in small portable K ifi i 
electronic devices. The tiny A/D converter can be placed ey Speci cations 
anywhere on the board. | (For 3V supply, typical, unless otherwise noted.) 


Resolution: 8 bits 

Conversion time (f¢ = 700 kHz): 16s 

Low power dissipation: 720yuW 

Single supply: 2.7V to 5Vpc> . 
Linearity error: +1.5LSB over temperature 
No missing codes over temperature 
Shutdown supply current 10nA 


Applications 
m Digitizing automotive sensors 

m™ Process control monitoring _ 

m Remote sensing in noisy environments 
m Instrumentation 
a 
a 


Test systems 
Embedded diagnostics 


Ordering Information 


Temperature Range : 
Pack Supplied A 
(°C <7, < +70°C) 
ADCV0831M6 MAO6A 1k Units Tape and Reel 
ADCV0831M6X MAO6A 3k Units Tape and Reel 


Connection Diagram 









ADCV0831 


CLK 
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National Semiconductor 


9S6S919 





CLC5956 
12-bit, 65 MSPS Broadband Monolithic A/D Converter 


General Description Features 


The CLC5956 is a monolithic 12-bit, 65 MSPS #™ Wide dynamic range 
analog-to-digital converter subsystem. The device has been ~—_—@ IF sampling capability 
optimized for use in cellular base stations and other applica- = = 300 MHz input bandwidth 
tions where high resolution, high sampling rate, wide dy- _™ Small 48-pin TSSOP 
namic range, low power dissipation, and compact size are Single +5V supply 
required. The CLC5956 features differential analog inputs, a CW cost 


low jitter differential PECL clock inputs, a low distortion 
track-and-hold with DC to 300 MHz input bandwidth, a band- K S ifi . 
gap voltage reference, TTL compatible CMOS output logic, ey peci ications 





and a proprietary 12-bit multi-stage quantizer. The CLC5956 =m Sample Rate 65 MSPS 
is fabricated on the ABIC-IV 0.8 micron BICMOS process. sm SFDR 73 dBc 
The part features a 73 dB spurious free dynamic range = SFDR with dither 85 dBFS 
(SFDR) and 67 dB SNR. The wideband track-and-hold al- 4 snip 67 dB 


lows sampling of IF signals to greater than 250 MHz. The 
part produces two-tone, dithered, spurious-free dynamic 
range of 83 dBFS at 75 MHz input frequency. The differential ‘ 
analog input provides excellent common-mode rejection, Applications 
while the differential PECL clock inputs permit the use of bal- Cellular base-stations 
anced transmission to minimize jitter in distributed systems. Digital communications 
The 48-pin TSSOP package provides an extremely small Infrared/CCD imaging 
footprint for applications where space is a critical consider- 


m Low power consumption 615 mW 


: IF sampling 
ation. The CLC5956 operates from a single +5V power sup- 
; ‘ ; 2 Electro-optics 
ply over the industrial temperature range of —-40°C to +85°C. 
Instrumentation 


National thoroughly tests each part to verify full compliance 
with the guaranteed specifications. 


Medical imaging 
High definition video 


Block Diagram 
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CLC5956 


Pin Configuration 


GND 
GND 
GND 
GND 
SANGE 
+AVoc 
* ANC 
GND 
ENCODE 
ENCODE 
GND 
GND 


—e 


=> © ON DOD OT FP WG bd 


_~ tk 
me = Oo 


CLC5956 





Pin Descriptions 


Pin 
Name 


Aww 
Ain 


ENCODE 
ENCODE 


VCM 
DO-D17 
GND 


+AVoc 


+DVoc 
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GND 
GND 
gg ors 
Dit 
D10 
D9 

D8 
D7 
D6 

DS 
*DVec 
*D¥o¢ 
GND 
GND 
D4 

D3 

D2 

D1 

Do 

NC 

NC 

NC 
GND 
GND 


DS015011-1 





1-4, 8, 11, 12, 15, 19, 
20, 23-26, 35, 36, 47, 48 


5-7, 16-18, 22 


37, 38, 46 


Ordering Information 


CLC5956IMTD 48-Pin TSSOP a 
CLC5956IMTDX 48-Pin TSSOP (Taped Reel) 
CLC5956PCASM Evaluation Board 







Description 


Differential input with a common mode voltage of +2.4V. The ADC 
full scale input is 1.024 Vpp on each of the complimentary input 
signals. 

Differential clock where ENCODE initiates a new data conversion 
cycle on each rising edge. Logic for these inputs are a 50% duty 
cycle differential PECL signal. 

Internal common mode voltage reference. Nominally +2.4V. Can 
be used for the input common mode voltage. This voltage is 
derived from an internal bandgap reference. 

Digital data outputs are CMOS and TTL compatible. DO is the LSB 
and D117 is the MSB. MSB is inverted. Output coding is two’s 
complement. 


Circuit ground. 


+5V power supply for the analog section. Bypass to ground with a 
0.1 pF capacitor. 


+5V power supply for the digital section. Bypass to ground with a 
0.1 UF capacitor. 
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National Semiconductor 


CLC5958 


14-Bit, 52 MSPS A/D Converter 


General Description 


The CLC5958 is a monolithic 14-bit, 52 MSPS 
analog-to-digital converter. The ultra-wide dynamic range 
and high sample rate of the device make it an excellent 
choice for wideband receivers found in multi-channel 
base-stations. The CLC5958 integrates a low distortion 
track-and-hold amplifier and a 14-bit multi-stage quantizer 
on a single die. Other features include differential analog in- 
puts, low jitter differential clock inputs, an internal bandgap 
voltage reference, and CMOS/TTL compatible outputs. The 
CLC5958 is fabricated on the National ABIC-V 0.8 micron 
BiCMOS process. 


The CLC5958 features a 90 dB spurious free dynamic range 
(SFDR) and 70 dB signal-to-noise ratio (SNR). The balanced 
differential analog inputs ensure low even-order distortion, 
while the differential clock inputs permit the use of balanced 
clock signals to minimize clock jitter. The 48-pin CSP pack- 
age provides an extremely small footprint for applications 
where space is a critical consideration. The package also 
provides a very low thermal resistance to ambient. The 
CLC5958 may be operated with a single +5V power supply. 
Alternatively, an additional supply may be used to program 
the digital output levels over the range of +3.3V to +5V. Op- 
eration over the industrial temperature range of —40°C to 
+85°C is guaranteed. National Semiconductor tests each 
part to verify compliance with the guaranteed specifications. 


Block Diagram 


Features 

m Ultra-wide dynamic range 

m Excellent performance to Nyquist 

= IF sampling capability 

m Very small package: 48-pin CSP 

™ Programmable Output Levels: 3.3V to 5V 


Key Specifications 


= Sample Rate 52 MSPS 
= SFDR 90 dB 
™ Noise floor -72 dBFS 


Applications 

= Multi-channel! basestations 

m Multi-standard basestations: 
GSM, WCDMA, DAMPS, etc. 

= Smart antenna systems 

= Wireless local loop 

@ Wideband digital communications 


Residue 
Amp 


Over-range Correction Logic & Output Buffers 
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CLC5958 


Pin Configuration 
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Pin Descriptions 


Pin Name 


Aww 
Ain 


ENCODE, 
ENCODE 


DO-D13 


DAV 


Vom 


GND 
Voc 


DVoc 
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1-4, 8, 11, 12, 15, 19, 20, 23-26, 
35, 36, 47, 48 and vias 


5-7, 16-18, 22, 46 


37, 38 


Ordering Information 


CLC5958SLB ~ 48-PinCSP__ 
CLC5958PCASM Evaluation Board 


Description 
Differential inputs. Self biased at a common mode voltage of 
+3.25V. The ADC full scale input is 2.048 V,;-, differential. 


Differential clock inputs. ENCODE initiates a new data conversion 


_ cycle on each rising edge. Clock signals may be sinusoidal or 
- square waves with PECL encode levels. The falling edge of 


ENCODE clocks internal pipeline stages. 

Digital data outputs. CMOS and TTL compatible. DO is the LSB 
and D13 is the inverted MSB. Output coding is two’s complement. 
Data valid. The rising edge of this signal occurs when output data 
is valid and may be used to latch data into following circuitry. 
Internal analog input common mode voltage reference. Nominally 
+3.25V. Can be used to establish the analog input common mode 
voltage for DC coupled applications (DC coupling not 
recommended, see applications section). 


Circuit ground. 


+5V power supply. Bypass each group of supply pins to ground 
with a 0.01 uF capacitor. 

+3.3V to +5V power supply for the digital outputs. Establishes the 
high output level for the digital outputs. Bypass to ground with a 
0.1 yF capacitor. 
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DAC0800/DAC0802 


8-Bit Digital-to-Analog Converters 


General Description 


The DACO800 series are monolithic 8-bit high-speed 
current-output digital-to-analog converters (DAC) featuring 
typical settling times of 100 ns. When used as a multiplying 
DAC, monotonic performance over a 40 to 1 reference cur- 
rent range is possible. The DACO800 series also features 
high compliance complementary current outputs to allow dif- 
ferential output voltages of 20 Vp-p with simple resistor loads 
as shown in Figure 1. The reference-to-full-scale current 
matching of better than +1 LSB eliminates the need for 
full-scale trims in most applications while the nonlinearities 
of better than +0.1% over temperature minimizes system er- 
ror accumulations. 


The noise immune inputs of the DACO800 series will accept 
TTL levels with the logic threshold pin, Vic, grounded. 
Changing the V, . potential will allow direct interface to other 
logic families. The performance and characteristics of the 
device are essentially unchanged over the full +4.5V to 
+18V power supply range; power dissipation is only 33 mW 
with +5V supplies and is independent of the logic input 
states. 


Typical Applications 


DIGITAL INPUTS 


MSB 


The DACO800, DACO802, DACO800C and DACO0802C are a 
direct replacement for the DAC-08, DAC-08A, DAC-08C, 
and DAC-08H, respectively. 


Features 


m= Fast settling output current: 
m™ Full scale error: +1 LSB 
Nonlinearity over temperature: +0.1% 

Full scale current drift: +10 ppm/°C 

High output compliance: -10V to +18V 
Complementary current outputs 

Interface directly with TTL, CMOS, PMOS and others 
2 quadrant wide range multiplying capability 

Wide power supply range: +4.5V to +18V 

Low power consumption: 33 mW at +5V 

Low cost 


100 ns 


LSB 


B1 B2 B3 B4 BS B& B7 B8 





Vout TO 20 Vp-p 


DSO005686-1 


FIGURE 1. +20 V,.p Output Digital-to-Analog Converter (Note 5) 


Ordering Information 


Non-Linearity Temperature 


Range 








Order Numbers 


J Package (J16A) (Note 1) | N Package (N16E) (Note 1) |} SO Package (M16A) 






+0.1% FS 0°C <T, $< +70°C DACO802LCJ | DAC-08HQ | DACO802LCN} DAC-08HP DACO802LCM 
+0.19% FS -55°C < Ty, $ +125°C | DACO800LJ | DAC-08Q 
+0.19% FS 0’°C < Ty < +70°C DACO800LCJ | DAC-08EQ |DACO800LCN; DAC-O8EP DACO800LCM 





Note 1: Devices may be ordered by using either order number. 
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DAC0808 


A vationat Semiconductor 


DAC0808 
8-Bit D/A Converter 


General Description 


The DAC0808 is an 8-bit monolithic digital-to-analog con- 
verter (DAC) featuring a full scale output current settling time 
of 150 ns while dissipating only 33 mW with +5V supplies. 
No reference current (Ipef) trimming is required for most ap- 
plications since the full scale output current is typically +1 
LSB of 255 I,e-/256. Relative accuracies of better than 
+0.19% assure 8-bit monotonicity and linearity while zero 
level output current of less than 4 yA provides 8-bit zero ac- 
curacy for Ine-22 MA. The power supply currents of the 
DAC0808 is independent of bit codes, and exhibits essen- 
tially constant device characteristics over the entire supply 
voltage range. 


The DAC0808 will interface directly with popular TTL, DTL or 
CMOS logic levels, and is a direct replacement for the 
MC1508/MC1408. For higher speed applications, see 
DAC0800 data sheet. 


Block and Connection Diagrams 


MSB 


Al A2 AZ Ad 
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CURRENT SWITCHES 
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Features 

m Relative accuracy: +0.19% error maximum 

m Full scale current match: +1 LSB typ 

= Fast settling time: 150 ns typ 

m Noninverting digital inputs are TTL and CMOS 
compatible 

High speed multiplying input slew rate: 8 mA/us 
Power supply voltage range: +4.5V to +18V 

m Low power consumption: 33 mW @ +5V 


DS005687-1 


Dual-In-Line Package 


NC (NOTE 2) 


DACO808 





DS005687-2 


Top View 
Order Number DAC0808 
See NS Package M16A or N16A 
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Block and Connection Diagrams (continued) 
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Ordering Information 





ACCURACY OPERATING 
TEMPERATURE RANGE N PACKAGE (N16A) SO PACKAGE 
(Note 1) (M16A) 6 
abit DACOBO8LCM 


Note 1: Devices may be ordered by using either order number. 
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DAC0830/DAC0832 


AY vational Semiconductor 


8-Bit uP Compatible, Double-Buffered D to A Converters 


General Description 


The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying 
DAC designed to interface directly with the 8080, 8048, 
8085, Z80®, and other popular microprocessors. A deposited 
silicon-chromium R-2R resistor ladder network divides the 
reference current and provides the circuit with excellent tem- 
perature tracking characteristics (0.05% of Full Scale Range 
maximum linearity error over temperature). The circuit uses 
CMOS current switches and control logic to achieve low 
power consumption and low output leakage current errors. 
Special circuitry provides TTL logic input voltage level com- 
patibility. 

Double buffering allows these DACs to output a voltage cor- 
responding to one digital word while holding the next digital 
word. This permits the simultaneous updating of any number 
of DACs. 


The DAC0830 series are the 8-bit members of a family of 
microprocessor-compatible DACs (MICRO-DAC™). 


Typical Application 


Cy CONTROL BUS 
cs 


8080 BUS 


Features 

m Double-buffered, single-buffered or flow-through digital 

. data inputs 

m Easy interchange and pin-compatible with 12-bit 
DAC1230 series ; 

= Direct interface to all popular microprocessors 

m Linearity specified with zero and full scale adjust 
only—NOT BEST STRAIGHT LINE FIT. 

m™ Works with +10V reference-full 4-quadrant multiplication 

= Can be used in the voltage switching mode 

m Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

m Operates “STAND ALONE” (without uP) if desired 

m@ Available in 20-pin small-outline or molded chip carrier 
package 


Key Specifications 

Current settling time: 1 us 

Resolution: 8 bits 

Linearity: 8, 9, or 10 bits (guaranteed over temp.) 
Gain Tempco: 0.0002% FS/°C 

Low power dissipation: 20 mW 

Single power supply: 5 to 15 Voc 
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Connection Diagrams (top views) 


Dual-In-Line and 
Smali-Outline Packages 











cs 1 20 Vec 
WR, 2 Ite (BYTE1/BYTE2) t 
GND 3 WRe 
Dlg 4 XFER 
Di 5 Dlg 
Diy 6 Dis 
Dip (LSB) 7 Dig 
VREF 8 Dl7 (MSB) 
Rtp 9 lourz 
GND 10 fours 
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Molded Chip Carrier Package 


WR, XFER Dl, Dis Dig 


18 17 16 15 14 
19 13 


ILE (BYTE1 / BYTE2)t 
Yee 

cS 

wR, 

GND 





Diz Dip Diy Dio Veer 
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AY national Semiconductor 


LM12454/LM12458/LM12H458 


12-Bit + Sign Data Acquisition System with 


Self-Calibration 


General Description 


The LM12454, LM12458, and LM12H458 are highly inte- 
grated Data Acquisition Systems. Operating on just 5V, they 
combine a fully-differential self-calibrating (correcting linear- 
ity and zero errors) 13-bit (12-bit + sign) analog-to-digital 
converter (ADC) and sample-and-hold (S/H) with extensive 
analog functions and digital functionality. Up to 32 consecu- 
tive conversions, using two’s complement format, can be 
stored in an internal 32-word (16-bit wide) FIFO data buffer. 
An internal 8-word RAM can store the conversion sequence 
for up to eight acquisitions through the LM12(H)458’s 
eight-input multiplexer. The LM12454 has a four-channel 
multiplexer, a differential multiplexer output, and a differential 
S/H input. The LM12454 and LM12(H)458 can also operate 
with 8-bit + sign resolution and in a supervisory “watchdog” 
mode that compares an input signal against two program- 
mable limits. 


Programmable acquisition times and conversion rates are 
possible through the use of internal clock-driven timers. The 
reference voltage input can be externally generated for ab- 
solute or ratiometric operation or can be derived using the in- 
ternal 2.5V bandgap reference. 


All registers, RAM, and FIFO are directly addressable 
through the high speed microprocessor interface to either an 
8-bit or 16-bit databus. The LM12454 and LM12(H)458 in- 
clude a direct memory access (DMA) interface for 
high-speed conversion data transfer. 


An evaluation/interface board is available. Order num- 
ber LM12458EVAL. 

Additional applications information can be found in applica- 
tions notes AN-906, AN-947 and AN-949. 


Key Specifications 
(fox = 5 MHz; 8 MHz, H) 


@ Resolution 12-bit + sign or 8-bit + sign 


13-bit conversion time 8.8 us, 5.5 us (H) (max) 
m 9-bit conversion time 4.2 us, 2.6 us (H) (max) 
@ 13-bit Through-put rate 88k samples/s (min), 
140k samples/s (H) (min) 
m Comparison time 2.2 us (max), 
(“watchdog” mode) 1.4 us (H) (max) 
m@ ILE +1 LSB (max) 
B@ Vin range GND to V,* 
m Power dissipation 30 mW, 34 mW (H) (max) 
m Stand-by mode 50 uW (typ) 
m Single supply 3V to 5.5V 
Features 


m Three operating modes: 12-bit + sign, 8-bit + sign, and 
“watchdog” 

Single-ended or differential inputs 

Built-in Sample-and-Hold and 2.5V bandgap reference 
Instruction RAM and event sequencer 

8-channel (LM12(H)458), 4-channel (LM12454) 
multiplexer 

32-word conversion FIFO 

Programmable acquisition times and conversion rates 
Self-calibration and diagnostic mode 

8- or 16-bit wide databus dmicroprocessor or DSP 
interface 


Applications 
m Data Logging 

# Instrumentation 

m= Process Control 

m Energy Management 
m Inertial Guidance 
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Ordering Information 


Guaranteed Guaranteed Order See NS 
Clock Freq (min) Linearity Error (max) Part Number Package Number 
8 MHz +1.0 LSB LM12H458ClIV V44A 
LM12H458CIVF VGZ44A 
LM12H458MEL/883 EL44A 
or 5962-9319502MYA 


LM12458ClV V44A 
Connection Diagrams 





















SSVHCLIN T/8SVC LN V/PSPpeolLWt 





LM12458CIVF VGZ44A 


“ D5C41 33 {J INS 
D6 LJ 2 32 LJ IN4 
31 LGIN3 





TJ] IN7(S/H IN+)* 
PJ IN6(S/H IN-)* 









a 
a 
Oo 
~~ 
_ 
Ww 


D5] 7 391] INS(MUXOUT+)* D8 L}4 30 JIN2 
D6] 8 38 [_] IN4(MUXOUT-)* D9LJ5 29 CJ iN1 
d7 L}9 37] IN3 Vp+ LJ 6 LM12458 281 J INO 
ds LJ10 36 [_] IN2 D107 LM12H458 27 _] GND 


p91 LM12458 35 CJIN1 p1118 26 [] DMARQ 


Vp+ L412 LM12H458 34 [CJ INO p12C{9 25 CI INT 
Dio LJ 13 (LM12454) 33 CJ GND D13[_]10 24 [J Bw 


b11(()14 32 [_] DMARQ pi4([11 23] SYNC 
bD12 (415 31{_] INT 





12 21 22 








p13C\i6 30 [7] Bw TIOODODODDOCG 

p14 (417 29] SYNC rle[Fl SS 22225 
18 22 23 DS011264-34 
rr" TTLILILILI LI CO Order Number LM12458CIVF or LM12H458CIVF 
ele |EI8 35322225 See NS Package Number VGZ44A 


DS011264-2 
* Pin names in () apply to the LM12454 and LM12H454. 


Order Number LM12454CIV, 
LM12458ClV or LM12H458CIV 
See NS Package Number V44A 
Order Number LM12H458MEL/883 or 5962-9319502MYA 
See NS Package Number EL44A 
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LM12454/LM12458/LM12H458 


Functional Diagrams 































LM12454 
“S/H INt a mS 
S/H IN- 2.5V BANDGAP REFERENCE VeEFOUT 
MUXOUT+ 
*MUXOUT= FULLY~DIFFERENTIAL, SELF-CALIBRATING Vices 
S/H 12-BIT + SIGN 
es ANALOG-TO-DIGITAL CONVERTER VREF- 
IN1 
IN2 MULTIPLEXER 
iIN3 
+ + 
SYNC SEQUENCER bi Va Vp GND 
CLK eee J | | 
INT INTERRUPT gpl ice INSTRUCTION RAM FIFO CONFIGURATION 
DMARQ CONTROL LOGIC. REGISTER STATUS REGISTER 8 X 48 32 X 16 REGISTER 
DATA BUS BUFFER SELECT & CONTROL LOGIC 
BW DO D1 D2 D3 D4 D5 D6 D7 D8 DY D10 D11D12 013 D14 Di5 AO Al A2 AZ A4 CS RD WR ALE 
(LSB) ; (MSB) 
DS011264-1 
LM12(H)458 
INO 2.5V BANDGAP REFERENCE VREFOUT 
iN1 
IN2 
IN3 My FULLY-DIFFERENTIAL, SELF~CALIBRATING Vooes 
ina MULTIPLEXER | S/H 12-BIT + SIGN 
INS ANALOG-TO—DIGITAL CONVERTER VREF- 
ING 
IN7 


| 


SYNC - SEQUENCER 









Va Vp GND 

























CLK 
INT INTERRUPT Due r eaalbiies INSTRUCTION RAM FIFO CONFIGURATION 
DMARQ CONTROL LOGIC REGISTER STATUS REGISTER 8 X 48 32 X 16 REGISTER 
DATA BUS BUFFER SELECT & CONTROL LOGIC 
BW DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D012 013 D14 D15 AO A1 A2 A3 A4 CS RD WR ALE 


(LSB) (MSB) 
DS011264-21 
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LM12L458 


National Semiconductor 


12-Bit + Sign Data Acquisition System with 


Self-Calibration 


General Description 


The LM12L458 is a highly integrated 3.3V Data Acquisition 
System. It combines a fully-differential self-calibrating (cor- 
recting linearity and zero errors) 13-bit (12-bit + sign) 
analog-to-digital converter (ADC) and sample-and-hold 
(S/H) with extensive analog functions and digital functional- 
ity. Up to 32 consecutive conversions, using two’s comple- 
ment format, can be stored in an internal 32-word (16-bit 
wide) FIFO data buffer. An internal 8-word RAM can store 
the conversion sequence for up to eight acquisitions through 
the LM12L458’s eight-input multiplexer. The LM12L458 can 
also operate with 8-bit + sign resolution and in a supervisory 
“watchdog” mode that compares an input signal against two 
programmable limits. Programmable acquisition times and 
conversion rates are possible through the use of internal 
clock-driven timers. 

All registers, RAM, and FIFO are directly addressable 
through the high speed microprocessor interface to either an 
8-bit or 16-bit databus. The LM12L458 includes a direct 
memory access (DMA) interface for high-speed conversion 
data transfer. 


Applications 

# Data Logging 

m™ Process Control 

m Energy Management 

m= Medical Instrumentation 


Connection Diagram 








a 
LJ 
a 
= 


*Pin names in ( ) apply to the LM12L454. 


LM12L458 


Key Specifications 
(fo_x = 6 MHz) 


m= Resolution 12-bit + sign or 8-bit + sign 
mw 13-bit conversion time 7.3 Us 
m 9-bit conversion time 3.5 us 
m@ 13-bit Through-put rate 106k samples/s (min) 
= Comparison time (“watchdog” mode) 1.8 us (max) 
mw ILE +1 LSB (max) 
@ Vin range GND to V,* 
m= Power dissipation 15 mW (max) 
m Stand-by mode 5 uW (typ) 
m Single supply 3V to 5.5V 
Features 

m Three operating modes: 12-bit + sign, 8-bit + sign, and 

“watchdog” 


m Single-ended or differential inputs 

m@ Built-in Sample-and-Hold 

m@ Instruction RAM and event sequencer 

@ 8-channel multiplexer 

m™ 32-word conversion FIFO 

m™ Programmable acquisition times and conversion rates 
m Self-calibration and diagnostic mode 


m 8- or 16-bit wide databus microprocessor or DSP 
interface 


= CMOS compatible 1/O 


TJ IN7(S/H IN+)* 
J IN6(S/H IN-)* 





~ 
oO 


39 [7] INS5(MUXOUT+)* 
38 FE] IN4(MUXOUT-)* 


DS011711-14 


Order Number LM12L458CIV 
See NS Package Number V44A 
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LM12L458 


Functional Diagram 








































LM12L458 

INO 

IN 1 

IN2 

Ng FULLY-DIFFERENTIAL, SELF-CALIBRATING V 

ina MULTIPLEXER | sst~—~—~‘iSS 12-BIT + SIGN a 

INS ANALOG-TO-DIGITAL CONVERTER VREF- 

IN6 

IN7 

+ + 
SYNC 3 SEQUENCER Va Vp GND 
CLK Geen | | | 
INT INTERRUPT ete pri INSTRUCTION RAM FIFO CONFIGURATION 
DMARQ CONTROL LOGIC BECICTER Sirs REGISTER 8 X 48 32 X 16 REGISTER 
DATA BUS BUFFER SELECT & CONTROL LOGIC 
BW DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 011 D12 D13 D14 D15 AO A1 A2 A3 A4 CS RD WR ALE 


(LSB) (MSB) 
DS011711-3 


Ordering Information 


Guaranteed Guaranteed Order See NS 


Clock Freq (min) Linearity Error (max) Part Number Package Number 


+1.0 LSB LM12L458ClV V44A 
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Flat Panel Display (FPD) Link and LDI Selection Guide 
Flat Panel Display Products 


Part Transmitter/ Number of Page 
Number Receiver Edge Bits Number 
+3.3V/112 MHz Dual Pixel LD! Family 
08900387 48 RGB 7-6 
DS90C387A 48 RGB 7AG 
DS90CFS86 48 RGB 7-6 
DS90CFS88A 48 RGB 7-6 
+3.3V/85 MHz FPD-Link Family 
DS900385 24 RGB 714 
DS90CFS86 24 RGB TAB 
DS90C365 18 RGB 7-14 
DS900F366 18 RGB 74 
+3.3V/65 MHz FPD-Link Family 
059003883 24 AGB aE 
DS90C383A ___ 24 RGB 79 
DS900F383 24 RGB 7-10 
DS90CF383A Transmitter 24 RGB 7-9 
DS90CF384 Receiver 24 RGB 7-11 
DS90CF384A Receiver 24 RGB 7-13 
DS90C363 Transmitter 18 RGB 7-7 
DS90C363A Transmitter 18 RGB 7-5 
DS90CF363 Transmitter | Falling = 18 RGB 7-6 
Fall 





@PINF UO!DEIaS [G71 pue yur (Gd4) Aejdsig joued 3e)4 


DS90CF363A Transmitter 18 RGB 7-5 
DS90CF364 Receiver 18 RGB 7-7 
DS90CF364A Receiver 18 RGB 7-13 
+5V/65 MHz FPD-Link Family 
DS90CF583 Transmitter 24 RGB 7-30 
pseocrsed 24 RGB 7-30 
DSG0CRSG3 | Transmitter (| Aismg ——=Si«d;=SSC« GCL C80 
pssocnses | Receiver ——=~S=«dt «sng ~—SCSC~=~“~*~‘—rtCS*~“‘*‘ SSCS 
DSG00FS63 7-24 
DSG0OFS64 7-24 


+5V/40 MHz FPD-Link Family 


DS90CF581 Falling 24 RGB 7-26 


DS90CR581 Transmitter 24 RGB 7-28 


se0CFSe 7-20 
ps90cr62 7-20 
pseocrss1 | Transmiter | Aisng ——~«dYSCi GCC 
DSS0CR562 7-32 
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Panel Timing Controller Products 


Part Graphic Page 
Number . oo Bits Number 
FPD8ss10 | Panel Timing Controller ‘| _20-65MHz_ | <8 —=«| SC 


FPD-Link Application Notes 


AN-XXXX Title 
_ AN-971 An Overview of LVDS Technology 

AN-1032 | An Introduction to FPD Link 

AN-1056 | STN Application Using FPD-Link 

AN-1059 | High Speed Transmission with LVDS Devices 

AN-1084 Parallel Application of High Speed Links 

AN-1085 FPD-Link PCB and Interconnect Design-In Guidelines 

AN-1127 LVDS Display Interface (LDI) TFT Data Mapping for Interoperability with 
. | FPD-Link 


Flat Panel Display (FPD) Link and LDI Selection Guide’ 


Please check website for current listing of application notes at www.national.com/appinfo/fpd. 


FPD Link Evaluation Boards 


Evaluation boards are available for a nominal charge that demonstrate the basic operation of the FPD Link chipsets. The evalu- 
ation boards can be ordered through National’s distributors and come assembled with a transmitter board, receiver board, ribbon 
cable, and instructions. | 


ORDER NUMBERS DESCRIPTION 


FLinkSv8bt-65 . 5V, 24 bit device, 20-65MHz operation 
FLink3v8bt-65 3.3V, 24 bit device, 20-65MHz operation 
FLink3v8bt-85 | 3.3V, 24 bit device, 20-85MHz operation 
LDISv48bt-112 3.3V, 24/48 bit device, 32.5-112/170MHz operation 


Please check website for latest availability, www.national.com/appinfo/fpd. 
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DS90C363A/DS90CF363A 


+3.3V Programmable LVDS Transmitter 18-Bit Flat Panel 


Display (FPD) Link-65 MHz 


+3.3V LVDS Transmitter 18-Bit Flat Panel Display (FPD) 


Link-65 MHz 


1.0 General Description 


The DS90C363A/DS90CF363A transmitter converts 21 bits 
of CMOS/TTL data into three LVDS (Low Voltage Differential 
Signaling) data streams. A phase-locked transmit clock is 
transmitted in parallel with the data streams over a fourth 
LVDS link. Every cycle of the transmit clock 21 bits of input 
data are sampled and transmitted. At a transmit clock fre- 
quency of 65 MHz, 18 bits of RGB data and 3 bits of LCD 
timing and control data (FPLINE, FPFRAME, DRDY) are 
transmitted at a rate of 455 Mbps per LVDS data channel. 
Using a 65 MHz clock, the data throughput is 170 Mbytes/ 
sec. The DS90C363A transmitter can be programmed for 
Rising edge strobe or Falling edge strobe through a dedi- 
cated pin. The DS90CF363A is fixed as a Falling edge 
strobe transmitter. A Rising edge or Falling edge strobe 
transmitter will interoperate with a Falling edge strobe Re- 
ceiver (DS90CF364) without any translation logic. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


3.0 Block Diagrams 


2.0 Features 
m 20 to 65 MHz shift clock support 


m Rejects > + 3ns Jitter from VGA chip with less than 


225ps output Jitter @65MHz (TJCC) 


= Best-in-Class Set & Hold Times on TxINPUTs 
m TX power consumption <130 mW (typ) @65MHz 


Grayscale 


m >50% Less Power Dissipation than BiCMOS 


Alternatives 


Up to 1.3 Gbps throughput 
Up to 170 Megabytes/sec bandwidth 


PLL requires no external components 


Low profile 48-lead TSSOP package 
Improved replacement for: 
SN75LVDS85 — DS90C363A 
SN75LVDS84 — DS90CF363A 


DS90C363A/DS90CF363A 


RED 


CMOS/TTL 
INPUTS  GRN 


BLU 


FPLINE (HSYNC) 
FPFRAME (VSYNC) 


DRDY (DATA 
ENABLE) 


FPSHIFT IN 
(20 To 65 MHz) 


POWER DOWN 







DATA (LVDS) 


(140 To 455 Mbit/s 
On Each LVDS 
Channel) 


CLOCK (LVDS) 
(20 To 65 MHz) 


DS100138-1 


Order Number DS90C363AMTD or DSSOCF363AMTD 
See NS Package Number MTD48 


Tx Power-down mode <200uW (max) 

ESD rating >7 kV (HBM), >500V (EIA) 

Supports VGA, SVGA, XGA and Dual Pixel SXGA. 
Narrow bus reduces cable size and cost 


345 mV (typ) swing LVDS devices for low EMI 


Compatible with TIA/EIA-644 LVDS standard 
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DS90CF363 


National Semiconductor 


~+3.3V LVDS Transmitter 18-Bit Fiat Panel Display (FPD) 


Link—65 MHz 

General Description 

The DS90CF363 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. At a transmit clock frequency of 65 MHz, 18 
bits of RGB data and 3 bits of LCD timing and control data 
(FPLINE, FPFRAME, DRDY) are transmitted at a rate of 455 


Mbps per LVDS data channel. Using.a 65 MHz clock, the 
data throughputs is 170 Mbytes/sec. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Block Diagram 


Features 


@ 20 to 65 Mz shift clock support 

m Single 3.3V supply 

m Chipset (Tx + Rx) power consumption < 250 mW (typ) 
m™ Power-down mode (< 0.5 mW total) 

m@ Single pixel per clock XGA (1024x768) ready 
Supports VGA, SVGA, XGA and higher addressability. 
Up to 170 Megabytes/sec bandwidth 

Up to 1.3 Gbps throughput 

Narrow bus reduces cable size and cost 

290 mV swing LVDS devices for low EMI 

PLL requires no external components 

Low profile 48-lead TSSOP package 

Falling edge data strobe Transmitter 

Compatible with TIA/EIA-644 LVDS standard 

mw ESD rating>7kV 

= Operating Temperature: —40°C to +85°C 


DS90CF363 


RED = 


CMOS/TTL 


INPUTS SRN 


BLU 


FPLINE (HSYNC) 
FPFRAME (VSYNC) 


DRDY (DATA 
ENABLE) 


TTL PARALLEL-TO-LVDS 


FPSHIFT IN 
(20. To 65 MHz) 


POWER DOWN 






¥, 


DATA (LVDS) 


(140 To 455 Mbit/s 
On Each LVDS 
Channel) 


CLOCK (LVDS) 
(20 To 65 MHz) 


DS100032-1 


Order Number DS90CF363MTD 
‘See NS Package Number MTD48 
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DS90C363/DS90CF364 


National Semiconductor 


+3.3V Programmable LVDS Transmitter 18-Bit Flat Panel 


Display (FPD) Link—65 MHz, 


+3.3V LVDS Receiver 


18-Bit Flat Panel Display (FPD) Link—65 MHz 


General Description 


The DS90C363 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS90CF364 receiver converts the 
LVDS data streams back into 21 bits of CMOS/TTL data. At 
a transmit clock frequency of 65 MHz, 18 bits of RGB data 
and 3 bits of LCD timing and control data (FPLINE, 
FPFRAME, DRDY) are transmitted at a rate of 455 Mbps per 
LVDS data channel. Using a 65 MHz clock, the data through- 
puts is 170 Mbytes/sec. The Transmitter is offered with pro- 
grammable edge data strobes for convenient interface with a 
variety of graphics controllers. The Transmitter can be pro- 
grammed for Rising edge strobe or Falling edge strobe 
through a dedicated pin. A Rising edge Transmitter will inter- 
operate with a Falling edge Receiver (DS90CF364) without 
any translation logic. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Block Diagrams 


Features 

m@ 20 to 65 MHz shift clock support 

m Programmable Transmitter (DS90C363) strobe select 
(Rising or Falling edge strobe) 

Single 3.3V supply 

Chipset (Tx + Rx) power consumption < 250 mW (typ) 
Power-down mode (< 0.5 mW total) 

Single pixel per clock XGA (1024x768) ready 
Supports VGA, SVGA, XGA and higher addressability. 
Up to 170 Megabyte/sec bandwidth 

Up to 1.3 Gbps throughput 

Narrow bus reduces cable size and cost 

290 mV swing LVDS devices for low EMI 

PLL requires no external components 

Low profile 48-lead TSSOP package 

Falling edge data strobe Receiver 

= Compatible with TIA/EIA-644 LVDS standard 

m ESD rating > 7 kV 

m™ Operating Temperature: —40°C to +85°C 


Application 
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CONTROLLER 





LCD PANEL 
CONTROLLER 
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DS90C363/DS90CF364 


Block Diagrams (continued) 
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DS90C383A/DS90CF383A 


+3.3V Programmable LVDS Transmitter 24-Bit Flat Panel 


Display (FPD) Link-65 MHz 


+3.3V LVDS Transmitter 24-Bit Flat Panel Display (FPD) 


Link-65 MHz 


1.0 General Description 


The DS90C383A/DS90CF383A transmitter converts 28 bits 
of CMOS/TTL data into four LVDS (Low Voltage Differential 
Signaling) data streams. A phase-locked transmit clock is 
transmitted in parallel with the data streams over a fifth 
LVDS link. Every cycle of the transmit clock 28 bits of input 
data are sampled and transmitted. At a transmit clock fre- 
quency of 65 MHz, 24 bits of RGB data and 3 bits of LCD 
timing and control data (FPLINE, FPFRAME, DRDY) are 
transmitted at a rate of 455 Mbps per LVDS data channel. 
Using a 65 MHz clock, the data throughput is 227 Mbytes/ 
sec. The DS90C383A transmitter can be programmed for 
Rising edge strobe or Falling edge strobe through a dedi- 
cated pin. The DS9OCF383A is fixed as a Falling edge 
strobe transmitter. A Rising edge or Falling edge strobe 
transmitter will interoperate with a Falling edge strobe Re- 
ceiver (DS90CF384) without any translation logic. 


This chipset is an ideal means to solve EMI and cable size 


problems associated with wide, high speed TTL interfaces. — 


3.0 Block Diagrams 


National Semiconductor 


2.0 Features 


20 to 65 MHz shift clock support 

Rejects > + 3ns Jitter from VGA chip with less than 
225ps output Jitter @65MHz (TJCC) 
Best-in-Class Set & Hold Times on TxINPUTs 
Tx power consumption <130 mW (typ) @65MHz 
Grayscale 

>50% Less Power Dissipation than BiCMOS 
Alternatives 

Tx Power-down mode <200uW (max) 

ESD rating >7 kV (HBM), >500V (EIAJ) 
Supports VGA, SVGA, XGA and Dual Pixel SXGA. 
Narrow bus reduces cable size and cost 

Up to 1.8 Gbps throughput 

Up to 227 Megabytes/sec bandwidth 

345 mV (typ) swing LVDS devices for low EMI 
PLL requires no external components 
Compatible with TIA/EIA-644 LVDS standard 
Low profile 56-lead TSSOP package 

Improved replacement for: 

SN75LVDS83 — DS90C383A 

SN75LVDS81 — DS90CF383A 
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DS90CF383 


National Semiconductor 


DS90CF383 


+3.3V LVDS Transmitter 24-Bit Flat Panel 


Link—65 MHz 


~General Description 


The DS90CF383 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. At a transmit clock frequency of 65 MHz, 24 bits 
of RGB data and 3 bits of LCD timing and control data 
(FPLINE, FPFRAME, DRDY) are transmitted at a rate of 455 
Mbps per LVDS data channel. Using a 65 MHz clock, the 
data throughputs is 227 Mbytes/sec. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Block Diagram 


Display (FPD) 


Features | 


20 to 65 MHz shift clock support 

Single 3.3V supply 

Chipset (Tx + Rx) power consumption < 250 mW (typ) 
Power-down mode (< 0.5 mW total) 

Single pixel per clock XGA (1024x768) ready 
Supports VGA, SVGA, XGA and higher addressability. 
Up to 227 Megabytes/sec bandwidth 

Up to 1.8 Gbps throughput 

Narrow bus reduces cable size and cost 

290 mV swing LVDS devices for low EMI 

PLL requires no external components 

Low profile 56-lead TSSOP package 

Falling edge data strobe Transmitter 

Compatible with TIA/EIA-644 LVDS standard 

= ESD rating > 7 kV 

= Operating Temperature: —40°C to +85°C 
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National Semiconductor 


DS90C383/DS90CF384 


+3.3V Programmable LVDS Transmitter 24-Bit Flat Panel 


Display (FPD) Link—65 MHz, 


+3.3V LVDS Receiver 


24-Bit Flat Panel Display (FPD) Link—65 MHz 


Features 


General Description 


The DS90C383 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. The DS90CF384 receiver converts the LVDS 
data streams back into 28 bits of CMOS/TTL data. At a trans- 
mit clock frequency of 65 MHz, 24 bits of RGB data and 3 
bits of LCD timing and control data (FPLINE, FPFRAME, 
DRDY) are transmitted at a rate of 455 Mbps per LVDS data 
channel. Using a 65 MHz clock, the data throughputs is 227 
Mbytes/sec. The transmitter is offered with programmable 
edge data strobes for convenient interface with a variety of 
graphics controllers. The transmitter can be programmed for 
Rising edge strobe or Falling edge strobe through a dedi- 
cated pin. A Rising edge transmitter will inter-operate with a 
Falling edge receiver (DS90CF384) without any translation 
| logic. The DS9O0CF384 is also offered in 64 ball, 0.8mm fine 
pitch ball grid array(FBGA) package which provides a 44 % 
reduction in PCB footprint (available Q3, 1999). 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Block Diagrams 


20 to 65 MHz shift clock support 

Programmable transmitter (DS90C383) strobe select 
(Rising or Falling edge strobe) 

Single 3.3V supply 

Chipset (Tx + Rx) power consumption < 250 mW (typ) 
Power-down mode (< 0.5 mW total) 

Single pixel per clock XGA (1024x768) ready 
Supports VGA, SVGA, XGA and higher addressability. 
Up to 227 Megabytes/sec bandwidth 

Up to 1.8 Gbps throughput 

Narrow bus reduces cable size and cost 

290 mV swing LVDS devices for low EMI 

PLL requires no external components 

Low profile 56-lead TSSOP package. 

DS90CF384 also available in 64 ball, 0.8mm fine pitch 
ball grid array(FBGA) package 

Falling edge data strobe Receiver 

Compatible with TIA/EIA-644 LVDS standard 

ESD rating >7 kV 

Operating Temperature: -40°C to +85°C 


Application 
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Block Diagrams (Continued) 
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National Semiconductor ., 


DSS0CF384A/DS90CF364A 

+3.3V LVDS Receiver 24-Bit F 
Link—65 MHz, 
Display (FPD) Link—65 MHz 


General Description 


The DS9O0CF384A receiver converts the four LVDS data 
streams (Up to 1.8 Gbps throughput or 227 Megabytes/sec 
bandwidth) back into parallel 28 bits of CMOS/TTL data (24 
bits of RGB and 4 bits of Hsync, Vsync, DE and CNTL). Also 
available is the DS9O0CF364A that converts the three LVDS 
data streams (Up to 1.3 Gbps throughput or 170 Megabytes/ 
sec bandwidth) back into parallel 21 bits of CMOS/TTL data 
(18 bits of RGB and 3 bits of Hsync, Vsync and DE). Both 
Receivers’ outputs are Falling edge strobe. A Rising edge or 
Falling edge strobe transmitter (DS90C383A/DS90C363A) 
will interoperate with a Falling edge strobe Receiver without 
any translation logic. 

The DS90CF384A / DS90CF364A devices are enhanced 
over prior generation receivers and provided a wider data 
valid time on the receiver output. 

The DS90CF384A is also offered in a 64 ball, 0.8mm fine 
pitch ball grid array (FBGA) package which provides a 44 % 
reduction in PCB footprint compared to the 56L TSSOP 
package. 


Block Diagrams 
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lat Panel Display (FPD) 


+3.3V LVDS Receiver 18-Bit Flat Panel 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Features 

m™ 20 to 65 MHz shift clock support 

50% duty cycle on receiver output clock 
Best-in-Class Set & Hold Times on RxOUTPUTs 
Rx power consumption <142 mW (typ) @65MHz 
Grayscale 

Rx Power-down mode <200uW (max) 

ESD rating >7 kV (HBM), >700V (EIAdJ) 

Supports VGA, SVGA, XGA and Dual Pixel SXGA. 
PLL requires no external components 

Compatible with TIA/EIA-644 LVDS standard 

Low profile 56-lead or 48-lead TSSOP package 
DS90CF384A is also available in a 64 ball, 0.8mm fine 
pitch bali grid array (FBGA) package 
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DS90C385/DS90C365 


National Semiconductor 


+3.3V Programmable LVDS Transmitter 24-Bit Flat Panel 


Display (FPD) Link-85 MHz, 


+3.3V Programmable LVDS 


Transmitter 18-Bit Flat Panel Display (FPD) Link-85 MHz 


1.0 General Description 


The DS90C385 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 

allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. At a transmit clock frequency of 85 MHz, 24 bits 
of RGB data and 3 bits of LCD timing and control data 
(FPLINE, FPFRAME, DRDY) are transmitted at a rate of 595 
Mbps per LVDS data channel. Using a 85 MHz clock, the 
data throughput is 297.5 Mbytes/sec. Also available is the 
DS90C365 that converts 21 bits of CMOS/TTL data into 
three LVDS (Low Voltage Differential Signaling) data 
streams. Both transmitters can be programmed for Rising 
edge strobe or Falling edge strobe through a dedicated pin. 
A Rising edge or Falling edge strobe transmitter will interop- 

erate with a Falling edge strobe Receiver (DS9O0CF386/ 
DS90CF366) without any translation logic. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


3.0 Block Diagrams 
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2.0 Features 

m@ 20 to 85 MHz shift clock support 

m Best~—in—Class Set & Hold Times on TxINPUTs 

m Tx power consumption <130 mW (typ) @85MHz 
Grayscale 

= Tx Power-down mode <200uW (max) 

Supports VGA, SVGA, XGA and Single/Dual Pixel 

SXGA. 

Narrow bus reduces cable size and cost 

Up to 2.38 Gbps throughput 

Up to 297.5 Megabytes/sec bandwidth 

345 mV (typ) swing LVDS devices for low EMI 

PLL requires no external components 

Compatible with TIA/EIA-644 LVDS standard 

Low profile 56-lead or 48-lead TSSOP package 
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DSS0CF386/DS90CF366 


+3.3V LVDS Receiver 24-Bit Flat Panel Display (FPD) 
+3.3V LVDS Receiver 18-Bit Flat Panel 


Link—85 MHz, 
Display (FPD) Link—85 MHz 


1.0 General Description 


The DS9O0CF386 receiver converts the four LVDS data 
streams (Up to 2.38 Gbps throughput or 297.5 Megabytes/ 
sec bandwidth) back into parallel 28 bits of CMOS/TTL data 
(24 bits of RGB and 4 bits of Hsync, Vsync, DE and CNTL). 
Also available is the DS9O0CF366 that converts the three 
LVDS data streams (Up to 1.785 Gbps throughput or 223 
Megabytes/sec bandwidth) back into parallel 21 bits of 
CMOS/TTL data (18 bits of RGB and 3 bits of Hsync, Vsync 
and DE). Both Receivers’ outputs are Falling edge strobe. A 
Rising edge or Falling edge strobe transmitter (DS90C385/ 
DS90C365) will interoperate with a Falling edge strobe Re- 
ceiver without any translation logic. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


3.0 Block Diagrams 
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2.0 Features 
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DATA (LVDS) 


20 to 85 MHz shift clock support 

50% duty cycle on receiver output clock 
Best—in—Class Set & Hold Times on RXOUTPUTs 
Rx power consumption <250 mW (typ) @85MHz 
Grayscale 

Rx Power-down mode <200uUW (max) 

Supports VGA, SVGA, XGA and Single/Dual Pixel 
SXGA. 

345 mV (typ) swing LVDS devices for low EMI 
PLL requires no external components 

Compatible with TIA/EIA-644 LVDS standard 

Low profile 56-lead or 48-lead TSSOP package 


DS90CF366 
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DS90C387/DS90CF388 


National Semiconductor 


DS90C387/DS90CF388 


PRELIMINARY 


Dual Pixel LVDS Display Interface (LDI)-SVGA/QXGA 


General Description 

The DS90C387/DS90CF388 transmitter/receiver pair is de- 
signed to support dual pixel data transmission between Host 
and Flat Panel Display up to QXGA resolutions. The trans- 
mitter converts 48 bits (Dual Pixel 24-bit color) of CMOS/TTL 
data into 8 LVDS (Low Voltage Differential Signalling) data 
streams. Control signals (VSYNC, HSYNC, DE and two 
user-defined signals) are sent during blanking intervals. At a 
maximum dual pixel rate of 112MHz, LVDS data line speed is 
672Mbps, providing a total throughput of 5.38Gbps (672 
Megabytes per second). Two other modes are also sup- 
ported. 24-bit color data (single pixel) can be clocked into the 
transmitter at a maximum rate of 170MHz. In this mode, the 
transmitter provides single-to-dual pixel conversion, and the 
output LVDS clock rate is 85MHz maximum. The third mode 
provides inter-operability with FPD-Link devices. 


The LDI chipset is improved over prior generations of 
FPD-Link devices and offers higher bandwidth support and 


| longer cable drive with three areas of enhancement. To in- 


crease bandwidth, the maximum pixel clock rate is increased 
to 112 (170) MHz and 8 serialized LVDS outputs are pro- 
vided. Cable drive is enhanced with a user selectable 
pre-emphasis feature that provides additional output current 
during transitions to counteract cable loading effects. DC 
balancing on a cycie-to-cycle basis, is also provided to re- 
duce ISI (Inter-Symbol Interference). With pre-emphasis and 
DC balancing, a low distortion eye-pattern is provided at the 
receiver end of the cable. A cable deskew capability has 
been added to deskew long cables of pair-to-pair skew of up 
to +/-1 LVDS data bit time. These three enhancements allow 
cables 5 to 10+ meters in length to be driven. 


This chipset is an ideal means to solve EMI and cable size 
problems for high-resolution flat panel applications. It pro- 
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DATA (LVDS) 


CLOCK (LVDS) 
(32.5 to 112 MHz) 


vides a reliable interface based on LVDS technology that de- 
livers the bandwidth needed for high-resolution panels while 
maximizing bit times, and keeping clock rates low to reduce 
EMI and shielding requirements. For more details, please re- 
fer to the “Applications Information” section of this datasheet. 


Features 

= Complies with OpenLDI specification for digital display 
interfaces | 

32.5 to 112/170MHz clock support 

Supports SVGA through QXGA panel resolutions 

Drives long, low cost cables 

Up to 5.388Gbps bandwidth 

Pre-emphasis reduces cable loading effects 

DC balance data transmission provided by transmitter 
reduces ISI distortion 

Deskews +/-1 LVDS data bit time of pair-to-pair skew at 
receiver inputs; intra-pair skew tolerance of 300ps 

Dual pixel architecture supports interface to GUI and 
timing controller; optional single pixel transmitter inputs 
support single pixel GUI interface 

Transmitter rejects cycle-to-cycle jitter 

5V tolerant on data and control input pins 
Programmable transmitter data and control strobe select 
(rising or falling edge strobe) 

Backward compatible configuration select with FPD-Link 
Optional second LVDS clock for backward compatibility 
w/ FPD-Link 

Support for two additional user-defined control signals in 
DC Balanced mode | 

Compatible with TIA/EIA - LVDS Standard 
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Transmitter Block Diagram 
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DS90C387A/DS90CF388A 


National Semiconductor 


DS90C387A/DS90CF388A 


Dual Pixel LVDS Display Interface / FPD-Link 


General Description 


The DS90C387A/DS90CF388A transmitter/receiver pair is 
designed to support dual pixel data transmission between 
Host and Flat Panel Display up to QXGA resolutions. The 
transmitter converts 48 bits (Dual Pixel 24-bit color) of 
CMOS/TTL data and 3 control bits into 8 LVDS (Low Voitage 
Differential Signalling) data streams. At a maximum dual 
pixel rate of 112MHz, LVDS data line speed is 784Mbps, pro- 
viding a total throughput of 5.7Gbps (714 Megabytes per 
second). . 


The LDI chipset is improved over prior generations of 
FPD-Link devices and offers higher bandwidth support and 
longer cable drive. To increase bandwidth, the maximum 
pixel clock rate is increased to 112 MHz and 8 serialized 
LVDS outputs are provided. Cable drive is enhanced with a 
user selectable pre-emphasis feature that provides addi- 
tional output current during transitions to counteract cable 
loading effects. 

The DS90C387A transmitter provides a second LVDS output 
clock. Both LVDS clocks are identical. This feature supports 
backward compatibility with the previous generation of 
FPD-Link Receivers - the second clock allows the transmit- 
ter to interface to panels using a ‘dual pixel’ configuration of 
two 24-bit or 18-bit FPD-Link receivers. 


Generalized Block Diagrams 
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This chipset is an ideal means to solve EMI and cable size 
problems for high-resolution flat panel applications. It pro- 
vides a reliable interface based on LVDS technology that de- 
livers the bandwidth needed for high-resolution panels while 
maximizing bit times, and keeping clock rates low to reduce 
EMI and shielding requirements. For more details, please re- 
fer to the “Applications Information” section of this datasheet. 


Features _ 

m Supports SVGA through QXGA panel resolutions 

m 32.5 to 112/170MHz clock support 

m Drives long, low cost cables 

- @ Up to 5.7 Gbps bandwidth 

m= Pre-emphasis reduces cable loading effects 

m= Dual pixel architecture supports interface to GUI and 
timing controller; optional single pixel transmitter inputs 
support single pixel GUI interface 

m= Transmitter rejects cycle-to-cycle jitter 

m 5V tolerant on data and control input pins 

= Programmable transmitter data and control strobe select 
(rising or falling edge strobe) 

m= Backward compatible with FPD-Link 

= Compatible with TIA/EIA-LVDS Standard 
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Generalized Transmitter Block Diagram 
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V88E49006Sd/V Z8ED06Sd 


DS90CF561/DS90C F562 


AY national Semiconductor 


DS90CF561/DS90CF562 


LVDS 18-Bit Color Flat Panel Display (FPD) Link 


General Description 


The DS90CF561 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 


data streams. A phase-locked transmit clock is transmitted in. 


_ parallel with the data streams over a fourth LVDS link. Every 

| cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS9OCF562 receiver converts the 
LVDS data streams back into 21 bits of CMOS/TTL data. At 
a transmit clock frequency of 40 MHz, 18 bits of RGB data 
and 3 bits of LCD timing and control data (FPLINE, FP- 
FRAME, DRDY) are transmitted at a rate of 280 Mbps per 
LVDS data channel. Using a 40 MHz clock, the data through- 
put is 105 Megabytes per second. These devices are offered 
with falling edge data strobes for convenient interface with a 
variety of graphics and LCD panel controllers. 
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DS012485-26 


Order Number DS90CF561MTD 
See NS Package Number MTD48 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Features 
m™ Up to 105 Megabyte/sec bandwidth 

m Narrow bus reduces cable size and cost 

@ 290 mV swing LVDS devices for low EMI 

m Low power CMOS design 

m= Power down mode 

m PLL requires no external components 

m Low profile 48-lead TSSOP package 

m Falling edge data strobe 

= Compatible with TIA/EIA-644 LVDS standard 
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Order Number DS90CF562MTD 
See NS Package Number MTD48 


Application 
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Connection Diagrams 
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DS90CR561/DS90CR562 


AY vational Semiconductor 


DS90CR561/DS90CR562 


LVDS 18-Bit Color Flat Panel Display (FPD) Link 


General Description 


The DS90CR561 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parailel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS9O0CR562 receiver converts the 
LVDS data streams back into 21 bits of CMOS/TTL data. At 
a transmit clock frequency of 40 MHz, 18 bits of RGB data 
and 3 bits of LCD timing and control data (FPLINE, FP- 
FRAME, DRDY) are transmitted at a rate of 280 Mbps per 
LVDS data channel. Using a 40 MHz clock, the data through- 
put is 105 Megabytes per second. These devices are offered 
with rising edge data strobes for convenient interface with a 
variety of graphics and LCD panel controllers. 
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Order Number DS90CR561MTD 
See NS Package Number MTD48 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Features | 
m Up to 105 Megabyte/sec bandwidth 
m= Narrow bus reduces cable size and cost 

m 290 mV swing LVDS devices for low. EMI 

m Low power CMOS design 

m Power-down mode 

m PLL requires no external components 

= Low profile 48-lead TSSOP package 

m Rising edge data strobe 

= Compatible with TIA/EIA-644 LVDS standard 
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Order Number DS90CR562MTD 
See NS Package Number MTD48 


APPLICATION 
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Connection Diagrams 
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DS90CF563/DS90CF564 


DS90CF563/DS90CF564 


AY national Semiconductor 


LVDS 18-Bit Color Flat Panel Display (FPD) Link— 


65 MHz | 


General Description 


The DS90CF563 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS9OCF564 receiver converts the 
LVDS data streams back into 21 bits of CMOS/TTL data. At 
a transmit clock frequency of 65 MHz, 18 bits of RGB data 
and 3 bits of LCD timing and control data (FPLINE, 
FPFRAME, DRDY) are transmitted at a rate of 455 Mbps per 
LVDS data channel. Using a 65 MHz clock, the data through- 
put is 171 Mbytes per second. These devices are offered 
with falling edge data strobes for convenient interface with a 
variety of graphics and LCD panel controllers. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
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Features 

m@ 20 to 65 MHz shift clk support 

m Up to 171 Mbytes/s bandwidth 

Cable size is reduced to save cost 

290 mV swing LVDS devices for low EMI 
Low power CMOS design (< 550 mW typ) 
Power-down mode saves power (< 0.25 mW) 
PLL requires no external components 

Low profile 48-lead TSSOP package 

Falling edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 
Single pixel per clock XGA (1024 x 768) 
Supports VGA, SVGA, XGA and higher 

1.3 Gbps throughput 
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Order Number DS9O0CF564MTD 
See NS Package Number MTD48 


Block Diagrams (Continued) 
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AY vational Semiconductor 


. DS90CF581 


DS90CF581 _ 
LVDS Transmitter 24-Bit Color Flat Panel Display (FPD) 
Link | | 


General Description Features 


The DS9GCF581 transmitter converts 28 bits of CMOS/TTL Up to 140 Megabyte/sec Bandwidth 

data into four LVDS (Low Voltage Differential Signaling) data Narrow bus reduces cable size and cost 
streams. A phase-locked transmit clock is transmitted in par- 290 mV swing LVDS devices for low EMI 
allel with the data streams over a fifth LVDS link. Every cycle Low power CMOS design 

of the transmit clock 28 bits of input data are sampled and Power-down mode 

transmitted. At a transmit clock frequency of 40 MHz, 24 bits 

ap RGD dats and 4 bier) Leb, feaing andveontiol data. ce ee oe ne Components 
(FPLINE, FPFRAME, DRDY, CNTL) are transmitted ata rate Low profile 56-lead TSSOP package 

of 280 Mbps per LVDS data channel. Using a 40 MHz clock, Falling edge data strobe 

the data throughput is 140 Megabytes per second. This Compatible with TIA/EIA-644 LVDS standard 
transmitter is intended to interface to any of the FPD Link re- 

ceivers. 


The chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
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See NS Package Number MTD56 
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Connection Diagram 
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DS90CR581 


AY vationat Semiconductor 


DS90CR581 7 | 
LVDS Transmitter 24-Bit Color Flat Panel Display (FPD) 


Link 


General Description Features 


The DS90CR581 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. At a transmit clock frequency of 40 MHz, 24 bits 
of RGB data and 4 bits of LCD timing and control data 
(FPLINE, FPFRAME, DRDY, CNTL) are transmitted at a rate 
of 280 Mbps per LVDS data channel. Using a 40 MHz clock, 
the data throughput is 140 Megabytes per second. This 


Up to 140 Megabyte/sec Bandwidth 

Narrow bus reduces cable size and cost 
290 mV swing LVDS devices for low EMI 
Low power CMOS design 

Power down mode 

PLL requires no external components 

Low profile 56-lead TSSOP package 

Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 


transmitter is intended to interface to any of the FPD Link re- 


ceivers. 


The chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
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See NS Package Number MTD56 
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Connection Diagram 
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DS90CF583/DS90CF584 LVDS 





DS90CF583/DS90CF584 


National Semiconductor 


LVDS 24-Bit Color Flat Panel Display (FPD) Link— 


65 MHz 


General Description 


The DS90CF583 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. The DS90CF584 receiver converts the LVDS 
data streams back into 28 bits of CMOS/TTL data. At a trans- 
mit clock frequency of 65 MHz, 24 bits of RGB data and 4 
bits of LCD timing and control data (FPLINE, FPFRAME, 
DRDY, CONTROL) are transmitted at a rate of 455 Mbps per 
LVDS data channel. Using a 65 MHz clock, the data through- 
put is 227 Mbytes per second. These devices are offered 
with falling edge data strobes for convenient interface with a 
variety of graphics and LCD panel controllers. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
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Features 

m 20 to 65 MHz shift clk support 

m Up to 227 Mbytes/s bandwidth 

Cable size is reduced to save cost 

290 mV swing LVDS devices for low EMI 
Low power CMOS design (< 550 mW typ) 
Power-down mode saves power (< 0.25 mW) 
PLL requires no external components 

Low profile 56-lead TSSOP package 

Falling edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 
Single pixel per clock XGA (1024 x 768) 
Supports VGA, SVGA, XGA and higher 

1.8 Gbps throughput 
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See NS Package Number MTD56 


7-30 


Block Diagrams (continued) 
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DS90CR583/DS90CR584 





DS90CR583/DS90CR584 


National Semiconductor 


LVDS 24-Bit Color Flat Panel Display (FPD) Link— 


65 MHz 


General Description | 


The DS90CR583 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. The DS90CR584 receiver converts the LVDS 
data streams back into 28 bits of CMOS/TTL data. At a trans- 
mit clock frequency of 65 MHz, 24 bits of RGB data and 4 
bits of LCD timing and contro! data (FPLINE, FPFRAME, 
DRDY, CONTROL) are transmitted at a rate of 455 Mbps per 
LVDS data channel. Using a 65 MHz clock, the data through- 
put is 227 Mbytes per second. These devices are offered 
with rising edge data strobes for convenient interface with a 
variety of graphics and LCD panel controllers. 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
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Features 
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20 to 65 MHz shift clk support 

Up to 227 Mbytes/s bandwidth 

Cable size is reduced to save cost 

290 mV swing LVDS devices for low EMI 
Low power CMOS design (< 550 mW typ) 
Power-down mode saves power (< 0.25 mW) 
PLL requires no external components 

Low profile 56-lead TSSOP package 

Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 
Single pixel per clock XGA (1024 x 768) 
Supports VGA, SVGA, XGA and higher 

1.8 Gbps throughput 
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Block Diagrams (continued) 
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p8SdD06Sd/es8SyD06Sd 


FPD85310 


National Semiconductor 





FPD85310 
Panel Timing Controller 


General Description — Features 


The FPD85310 Panel Timing Controller is an integrated ™ FPD-Link System Interface utilizes Low Voltage 
FPD-Link based TFT-LCD timing controller. It resides on the Differential Signaling (LVDS). 
flat panel display and provides the interface signal routing = System programmable via EEPROM 
and timing control between graphics or video controllers and == Suitable for notebook and monitor applications 
a TFT-LCD system. FPD-Link is a low power, low electro- 98-bit or 6-bit system interface 
magnetic interference interface used between this controller yGa or SVGA capable 

a 

a 


and the host Syl: . . Supports single or dual port column drivers 
_ The FPD85310 chip links the panel’s system interface to the Programmable outputs provide customized control for 
display via a ten wire LVDS data bus. That data is then standard or in-house column drivers and row drivers 


routed to the source and gate display drivers. XGA and i ; 
SVGA resolutions are supported. a on ere prevents panel damage with system 


The FPD85310 is programmable via an optional externalse- Programmable skew rate controlled outputs on CD 
rial EEPROM. Reserved space in the EEPROM is available interface for reduced EMI 


for display identification information. The system can access Ses ats _ 
the EEPROM to read the display identification data or pro- = oe an heii et eee 
gram initialization values used by the FPD85310. EU PPOs NOM a or SUPPly 
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FPD87310 


PRELIMINARY 


National Semiconductor 


Universal interface XGA Panel Timing Controller with 
RSDS™ (Reduced Swing Differential Signaling) and 


FPD-Link 


General Description 


The FPD87310 Panel Timing Controller is an integrated 
FPD-Link + RSDS + TFT-LCD Timing Controller. It resides 
on the Flat Panel Display and provides the interface signal 
routing and Timing Control between Graphics or Video Con- 
trollers and a TFT-LCD system. FPD-Link, a low power, low 
EMI (ElectroMagnetic Interference) interface is used be- 
tween this Controller and the Host system. 


A RSDS (Reduced Swing Differential Signaling) Column 
Driver interface is used between the Timing Controller and 
the Column Drivers. 


Programmable, General Purpose Outputs provide Row and 
Column Driver control. The FPD87310 is configured via 
metal mask initialization value or an optional external serial 
EEPROM. Reserved space in the EEPROM is available for 
display identification information. The system can access the 
EEPROM to read the display identification data or program 
initialization values used by the FPD87310. 


This single 9-bit+CLK differential bus conveys the 18 bits 
color data for XGA panels at 130 Mb/s when using VESA 60 
Hz standard timing. 


System Diagram 

















Gray Scale 
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Inversion 
Control (GPO[x]) 


/2 FPD-Link [0] 
/2 FPD-Link [1] FPD87310 
| 
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/2 FPD-Link [2 XGA Panel 
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° Controller = 
/2 FPD-Link [CLK] cS 
2 
= 
at 
8 
oO 
ae 
Vop S 
Panel Power NM24COx 
Vex Supply Serial EEPROM 
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Gray Scale Voltage Reference BUS 


Features 

= RSDS (Reduced Swing Differential Signaling) Column 
Driver bus for low power and reduced EMI 

m Drives RSDS Column Drivers at 130 Mb/s with a 65 
MHz clock 

m 6- or 8-bit LVDS Video System Interface (FPD-Link) 

10 General Purpose Outputs for Column/Row Drivers 

Optional EEPROM programming allows fine tuning in 

development and production environments 

m™ Selectable dual initialization value sets to share parts for 
the different model panel module 

@ Ability to drive XGA/SVGA TFT-LCD Systems 

Narrow 9-bit+CLK differential Column Driver Bus 

minimizes width of Source PCB 

= CMOS circuitry operates from a 3.3V supply 

Supports Graphics Controllers with spread spectrum 

interface featurefor lower EMI 





1 
i 1 
1 i 
J ! 
1 1 
1 I 
1 1 
I 1 
1 t 
I 1024x768 ! 
I 
! TFT-LCD Array ! 
1 1 
t I 
1 1 
1 1 
1 1 
i 1 
1 I 
1 I 
I 
; 


DS101077- 


www.national.com 


0L€Z8d0d4 





LMC6009 


National Semiconductor 





LMC6009 
9 Channel Buffer Amplifier for TFT-LCD 


General Description Features 


The LMC6009 is a CMOS integrated circuit that buffers 9 ref- = Number of inputs 

erence voltages for gamma correction in a Thin Film Transis- | 3.3V and 5V operation 

tor Liquid Crystal Display (TFT-LCD). Guaranteed to operate Supply current 

at both 3.3V and 5V supplies, this integrated circuit contains Settling time 

nine, independent unity gain buffers that can source 130 mA A/B channel inputs for asymmetrical Gamma 
into a capacitive load without oscillation. Number of outputs 


- The LMC6009 is useful for buffering gamma voltages into Number of control inputs 
column drivers that employ the resistor-divider architecture. —_ 

_ High output current capability and fast settling characteristics Sullinire lal SAUleepioioeton 
of this device improve display quality by minimizing rise time = “ 
errors at the outputs of the column driver. The integration of Applications 
nine buffers and a multiplexer eliminates the need for dis- |= VGA/SVGA TFT-LCD drive circuits 
crete buffers and a separate multiplexer (MUX) chip on the —_m Electronic Notebooks 


panel. | | m Electronic Games 
The LMC6009 is available in 48-pin surface mount TSSOP. —_ Personal Communication Devices 


m™ Personal Digital Assistants (PDA) 


Application in VGA/SVGA TFT-LCD 





800 Pixels ———————> 


eee SVGA TFT-LCD 


Rows 


A/B Switch 





. DATA 
CLK 

Veer y=9 ' R-divider Hsyne 

(A/B) LMC6909 Column Drivers | EN 
Vop 


DS012533-1 


Ordering Information 


Temperature Range | Transport Media | NSC Drawing 





48-pin TSSOP | -20°C-+75°C | MTD48 
LMC6009MT 
LMC6009MTX Tape and Reel 
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TIA/EIA-485 (RS-485) 
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Interface-Data Transmission Selection Guide 


TIA/EIA-422 Drivers (RS-422) 
TIA/EIA-422/423 Receivers (RS-422/423) 


Temp Range Base Part Number Page No. 
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TIA/EIA-423 (RS-423) 
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General Purpose Line Drivers and Receivers 
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General Purpose Line Drivers and Receivers (Continued) 


i 
CS SS 
Com 
BTL | 
[Rx | TempfRange [Base Part Number 
4 
ee ee eal Com 
CS OO 
a 
of ee Com 


Temperature ranges: 
Com = Commercial 0°C to +70°C 


Ind = Industrial -40°C to +85°C 


Mil = Military -55°C to +125°C 
Mil-883 = Military 883 Qual -55°C to +125°C 
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AV vationat Semiconductor 


DS1488 
Quad Line Driver 


General Description Features 
The DS1488 is a quad line driver which converts standard ™ Current limited output: +10 mA typ 
TTL input logic levels through one stage of inversion to out- ® Power-off source impedance: 300Q min 
put levels which meet EIA Standard RS-232D and CCITT —_m Simple slew rate control with external capacitor 
Recommendation V.24. m™ Flexible operating supply range 
m@ Inputs are TTL/LS compatible 


Schematic and Connection Diagrams 


1/4 Circuit 





© OUTPUT 





OY 
DS005776-1 





V~ GND 
DS005776-2 


Top View 
Order Number DS1488M or DS1488N 
See NS Package Number M14A or N14A 
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DS14C88 


DS14C88 


~Quad CMOS Line Driver 


General Description © 4 


The DS14C88, pin-for-pin compatible to the DS1488/ 
MC 1488, is a quad line drivers designed to interface data 
terminal equipment (DTE) with data circuit-terminating 
equipment (DCE). This device translates standard TTL/ 
CMOS logic levels to levels conforming to EIA-232-D and 
CCITT V.28 standards. , 

The device is fabricated in low threshold CMOS metal gate 
technology. The device provides very low power consump- 
tion compared to its bipolar equivalents: 500 pA (DS14C88) 
versus 25 mA (DS1488). 


Connection Diagram 
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QAQyationa Semiconductor 


The DS14C88 simplifies designs by eliminating the need for 
external slew rate control capacitors. Slew rate control in ac- 
cordance with ElA-232D is provided on-chip, eliminating the 
output capacitors. 


Features 

m™ Meets EIA-232D and CCITT V.28 standards 
m= LOW power consumption 
m= Wide power supply range: 
w Available in SOIC package 


+5V to +12V 


DS011105-1 


Order Number DS14C88N, or DS14C88M 
See NS Package Number N14A or M14A 
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DS1489/DS1489A 
Quad Line Receiver 


Vé6srlSd/68rlSda 


General Description Features 


The DS1489/DS1489A are quad line receivers designed to ™ Four separate receivers per package 

Programmable threshold 

Built-in input threshold hysteresis 

“Fail safe” operating mode: high output for open inputs 
Inputs withstand +30V 


interface data terminal equipment with data communications 
equipment. They are constructed on a single monolithic sili- 
con chip. These devices satisfy the specifications of EIA 
Standard RS-232D. The DS1489/DS1489A meet and ex- 
ceed the specifications of MC1489/MC1489A and are 
pin-for-pin replacements. 


Schematic and Connection Diagrams 





RESPONSE 
CONTROL 


INPUT © 





DS005777-1 


(% of unit shown) 
DS1489: Re = 10k 
DS1489A: Re = 2k 


Dual-In-Line Package 


RESPONSE RESPONSE 
INPUT CONTROL OUTPUT INPUT CONTROL OUTPUT 
D D i) C C C 





INPUT RESPONSE OUTPUT INPUT RESPONSE OUTPUT GND 
A CONTROL A B CONTROL B 
A B 


DS005777-2 
Top View 
Order Number DS1489M, DS1489N 
DS1489AM or DS1489AN 
See NS Package Number M14A or N14A 
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DS1489/DS1489A 


AC Test Circuit and Voltage Waveforms 


RESPONSE CONTROL 


PULSE 
GENERATOR 


OUTPUT Voc 
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INCLUDING 
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INPUT 


OV 


OUTPUT 
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FIGURE 1. 
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DS14C89A 
Quad CMOS Receiver 


General Description 


The DS14C89A, pin-for-pin compatible to the DS1489A/ 
MC1489A, ia a quad receiver designed to interface data ter- 
minal equipment (DTE) with data circuit-terminating equip- 
ment (DCE). These devices translate levels conforming to 
EIA-232E and CCITT V.28 standards to TTL/CMOS logic 
levels. 

The device is fabricated in low threshold CMOS metal gate 
technology. The device provides very low power consump- 
tion compared to their bipolar equivalents: 900 PA 
(DS14C89A) versus 26 mA (DS1489A). 

The DS14C89A provides on chip noise filtering which elimi- 
nates the need for external response control filter capacitors. 


Connection Diagram 
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National Semiconductor 


When replacing the DS1489A with the DS14C89A, the re- 
sponse control filter pins can be tied high, low, or not con- 
nected. 


Features 

@ Meets EIA/TIA-232-E and CCITT V.28 Standards 
= Failsafe - Output High for Open Input 

mw LOW Power consumption 

@ On chip noise filter 

mw Available in SOIC Package 


DS011106-1 


Order Number DS14C89AN, DS14C89AM, 
See NS Package Number M14A, N14A 
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~DS75150 


National Semiconductor 


DS75150 
Dual Line Driver 


General Description 

The DS75150 is a dual monolithic line driver designed to sat- 
isfy the requirements of the standard interface between data 
terminal equipment and data communication equipment as 
defined by EIA Standard RS-232-C. A rate of 20,000 bits per 
second can be transmitted with a full 2500 pF load. Other ap- 
plications are in data-transmission systems using relatively 
short single lines, in level translators, and for driving MOS 
devices. The logic input is compatible with most TTL and LS 
families. Operation is from -12V and +12V power supplies. 


Schematic and Connection Diagrams 


+Vec © 


TO OTHER 
LINE DRIVER 


INPUT A O-——— 


a m 


TO OTHER . 
LINE DRIVER 


STROBE S O 


TO OTHER 
LINE DRIVER © 


GND O 


~ 
So 
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oar menetial 


TO OTHER 
LINE DRIVER 


Veo O 


Component values shown are nominal. 
1/2 of circuit shown 
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Features - , 
m Withstands sustained output short-circuit to any low 
_ impedance voltage between —25V and +25V 

m@ 2 us Max transition time through the -3V to +3V 
transition region under full 2500 pF load 

m Inputs compatible with most TTL and LS families 

= Common strobe input 

m@ Inverting output . 

mw Slew rate can be controlled with an external capacitor at 
the output 

m Standard supply voltages: +12V 


Dual-in-Line Package 


+Voc 1v 2Y = Vee 
8 7 6 5 
O OUTPUT 
1 2 3 4 
STROBE INPUT INPUT GND 
S 1A 2A 


DS005794-2 
Positive Logic C = AS 
Top View 
Order Number DS75150M 
See NS Package Number M08A 
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DS75154 
Quad Line Receiver 


General Description 


The DS75154 is a quad monolithic line receiver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equipment 
as defined by EIA Standard RS-232C. Other applications are 
in relatively short, single-line, point-to-point data transmis- 
sion systems and for level translators. Operation is normally 
from a single 5V supply; however, a built-in option allows op- 
eration from a 12V supply without the use of additional com- 
ponents. The output is compatible with most TTL and LS cir- 
cuits when either supply voltage is used. 


In normal operation, the threshold-control terminals are con- 
nected to the Voc, terminal, pin 15, even if power is being 
supplied via the alternate Voc. terminal, pin 16. This pro- 
vides a wide hysteresis loop which is the difference between 
the positive-going and negative-going threshold voltages. In 
this mode, if the input voltage goes to zero, the output volt- 
age will remain at the low or high level as determined by the 
previous input. 


For fail-safe operation, the threshold-control terminals are 
open. This reduces the hysteresis loop by causing the 


Schematic Diagram 


COMMON TO 4 CIRCUITS 


—_ar ee ee oe 


Vec2 
(NoTE) O 


Vec1 O 
R1Q 


GND O 


THRESHOLD . 
CONTROL 


INPUT O 


negative-going threshold voltage to be above zero. The 
positive-going threshold voltage remains above zero as it is 
unaffected by the disposition of the threshold terminals. In 
the fail-safe mode, if the input voltage goes to zero or an 
open-circuit condition, the output will go to the high level re- 
gardiess of the previous input condition. 


Features 

m Input resistance, 3 kQ to 7 kQ over full RS-232C voltage 
range 

m Input threshold adjustable to meet “fail-safe” 
requirements without using external components 

@ Inverting output compatible with TTL or LS 

= Built-in hysteresis for increased noise immunity 

= Output with active pull-up for symmetrical switching 
speeds 

@ Standard supply voltage —5V or 12V 


© OUTPUT 


DS005795-1 


Note: When using Vcc; (pin 15), Voce (pin 16) may be left open or shorted to Voc. When using Voce, Voc1 must be left open or connected to the 


threshold control pins. 
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DS9627 


National Semiconductor 


DS9627 
Dual Line Receiver 


General Description 


The DS9627 is.a dual-line receiver which meets the electri- 
cal interface specifications of EIA RS-232C. and 
MIL-STD-188C. The input circuitry accommodates +25V in- 
put signals and the differential inputs allow user selection of 


| either inverting or non-inverting logic for the receiver opera- 


tion. The DS9627 provides both a selectable hysteresis 
range and selectable receiver input resistance. When pin 1 
is tied to V~, the typical switching points are at 2.6V and 
—2.6V, thus meeting RS-232-C requirements. When pin 1 is 
open, the typical switching points are at 50 pA and —50 WA, 
thus satisfying the requirements of MIL-STD-188C LOW 
level interface. Connecting the RA and/or RB pins to the (-) 
input yields an input impedance in the range of 3 kQ to 7 kQ 
and satisfies RS-232-C requirements; leaving RA and/or RB 


_ pins unconnected, the input resistance will be greater than 


6 kQ to satisfy MIL-STD-188C. 


Connection Diagram 


The output circuitry is TTL/DTL compatible and will allow 
“collector-dotting” to generate the wired-OR function. ATTL/ | 
DTL strobe is also provided for each receiver. 


Features | 

EIA RS-232-C input standards 
MIL-STD-188C input standards 

Variable hysteresis control 

High common mode rejection 

R control (5 kQ or 10 kQ) 

Wired-OR capability 

m Choice of inverting and non-inverting inputs 
m Outputs and strobe TTL compatible 


16-Lead DIP 


HYSTERESIS 





DS009761-1 


Top View 
Order Number DS9627MJ/883 
See NS Package Number J16A 
For Complete Military 883 Specifications, see RETS Data Sheet. 
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National Semiconductor 


DS14C232 


Low Power +5V Powered TIA/EIA-232 Dual 


Driver/Receiver 


General Description 


The DS14C232 is a low power dual driver/receiver featuring 
an onboard DC to DC converter, eliminating the need for 
+12V power supplies. The device only requires a +5V power 
_ supply. loc is specified at 3.0 mA maximum, making the de- 

vice ideal for battery and power conscious applications. The 
drivers’ slew rate is set internally and the receivers feature 
internal noise filtering, eliminating the need for external slew 
rate and filter capacitors. The device is designed to interface 
data terminal equipment (DTE) with data circuit-terminating 
equipment (DCE). The driver inputs and receiver outputs are 
TTL and CMOS compatible. DS14C232C driver outputs and 
receiver inputs meet TIA/EIA-232-E (RS-232) and CCITT 
V.28 standards. 


Connection Diagram 


Dout 1 
Rint 


DS 140232 


Rout 1 
Din 1 
Din2 
Rout2 





DS010744-1 


Order Number DS14C232CN, DS14C232CM, or 
DS14C232TM 
See NS Package Number N16E, or M16A 


Features 

@ Pin compatible with industry standard MAX232, LT1081, 
ICL232 and TSC232 

m@ Single +5V power supply 

m Low power—lcec 3.0 MA maximum 

@ DS14C232C meets TIA/EIA-232-E (RS-232) and CCITT 
V.28 standards 

= CMOS technology 

= Receiver Noise Filter 

m Package efficiency—2 drivers and 2 receivers 

m Available in Plastic DIP, Narrow and Wide SOIC 
packages 

m TIA/EIA-232 compatible extended temperature range 
option: 
DS14C232T -40°C to +85°C 
DS14C232E/J: -55°C to +125°C 


Functional Diagram 


1.0 uF 


1.0 pF 





Vec 


5 MQ 


Dint p> Dout 1 
Rout 1 << Rint 


Voc 


5M 
Din2 o> 2 Dout2 
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DS010744-2 
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DS14C238 


National Semiconductor 


-DS14C238 


Single Supply TIA/EIA-232 4 x 4 Driver/Receiver 


General Description 


The DS14C238 is a four driver, four receiver device which 
conforms to the TIA/EIA-232-E standard and CCITT V.28 
recommendations. This device eliminates +12V supplies by 


~ employing an internal DC-DC converter to generate the nec- 


essary output levels from a single +5V supply. Driver slew 
rate control and receiver noise filtering have also been inter- 
nalized to eliminate the need for external slew rate control 
and noise filtering capacitors. 


Connection Diagram 


Dour2 4! Dout3 
Dout1 42 RIN3 
Rn2 5 Routs 
Rour2 4 “D4 
Oni 9 ie Dour4 
Rout 76 Oo D3 
Rn 17 = D2 
GND +48 a Round 
Voc RNa 
Ci+ V- 


Vt 
Ci- 





DS011282-1 


Order Number DS14C238WM 
See NS Package Number M24B 
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Features 
Conforms to TIA/EIA-232-E and CCITT V.28 
Internal DC-DC converter _ : 
Operates with single +5V supply 
Low power requirement—Ioco 10 mA max 
Internal driver slew rate control 
Receiver noise filtering 
Operates above 120 kbits/sec 
Direct replacement for MAX238 


Functional Diagram 


1.0 pF 
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National Semiconductor 


DS14C241 


Single Supply TIA/EIA-232 4 x 5 Driver/Receiver 


General Description 


The DS14C241 is four driver, five receiver device which con- 
forms to the TIA/EIA-232-E standard and CCITT V.28 recom- 
mendations. This device eliminates +12V supplies by em- 
ploying an internal DC-DC converter to generate the 
necessary output levels from a single +5V supply. Driver 
slew rate control and receiver noise filtering have also been 
internalized to eliminate the need for external slew rate con- 
trol and noise filtering capacitors. With the addition of TRI- 
STATE®receiver outputs and a shutdown mode, device 
power consumption is kept to a minimum. 


Connection Diagram 


Dout3 “1! Douts 
Dout1 “"y 2 Rina 
Dout2 “15 RouT3 
Ro “14 SHUTDOWN (SD) 
Rout2 “4° EN 
Din2 76 om RNa 
N 
Dn / oO Rout4 
=< 
Rout1 "48 _ Ding 
n 
Rind a Din3 
GND Routs 
Voc RIN5 
C1+ V- 
V+ C2- 
Ci- C2+ 
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Order Number DS14C241WM 
See NS Package Number M28B 


Features 

m= Conforms to TIA/EIA-232-E and CCITT V.28 
m Internal DC—DC converter 

Operates with single +5V supply 

Low power requirement —lIco, 10 mA max 
Shutdown mode —lIcx 10 yA max 
Internal driver slew rate control 

Receiver noise filtering | 

Operates above 120 kbits/sec 
TRI-STATE receiver outputs 

Direct replacement for MAX241 


Functional Diagram 
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DS14C335 


National Semiconduct 





DS14C335 
+3.3V Supply TIA/EIA-232 3 x 


General Description 


The DS14C335 is three driver, five receiver device which 
conforms to TIA/EIA-232-E and CCITT V.28 standard speci- 
fications. This device employs an internal DC-DC converter 
to generate the necessary output levels from a +3.3V power 
supply. A SHUTDOWN (SD) mode reduces the supply cur- 
rent to 10 UA maximum. In the SD mode, one receiver is ac- 
tive, allowing ring indicator (RI) to be monitored. PC Board 
space consumption is minimized by the availability of Shrink 
~ Small Outline Packaging (SSOP). | 


This device's low power requirement and small footprint 
makes it an ideal choice for Laptop and Notebook applica- 
tions. 


Connection Diagram | 
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Order Number DS14C335MSA 
See NS Package Number MSA28 
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OT 


5 Driver/Receiver 


Features | i 
= Conforms to TIA/EIA-232-E and CCITT V.28 
specifications 
m Operates with single +3.3V power supply 
m@ Low power requirement—Icoc 20 mA maximum 
= SHUTDOWN mode—lIc¢x 10 uA maximum 
m One Receiver (R5) active during SHUTDOWN 
= Operates up to 128 kbps—Lap-Link® Compatible 
| Flow through pinout . | 
4V/us minimum Slew Rate guaranteed 
Inter-operates with +5V UARTs 
Available in 28-lead SSOP EIAJ Type II package 


Functional Diagram 
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DS011734-2 


National Semiconductor 


DS14C535 


+5V Supply EIA/TIA-232 3 x 5 Driver/Receiver 


Features 


General Description 


The DS14C535 is three driver, five receiver device which 
conforms to EIA/TIA-232-E and CCITT (ITU-T) V.28 stan- 
dard specifications. This device employs an internal DC-DC 
converter to generate the necessary output levels from a 
+5V power supply. A SHUTDOWN (SD) mode reduces the 
supply current to 10 uA maximum. In the SD mode, one re- 
ceiver is active, allowing ring indicator (RI) to be monitored. 
PC Board space consumption is minimized by the availability 
of Shrink Small Outline Packaging (SSOP). 


The DS14C535 provides a one-chip solution for the common 
9-pin serial RS-232 interface between data terminal and 
data circuit-terminating equipment. 

This device allows an easy migration path to the 3.3V 
DS14C335. The packages are the same. The N/C pins on 
the DS14C535 are not physically connected to the chip. 
Board layout for the DS14C335 will accommodate both de- 
vices. 

This device’s low power requirement and small footprint 
makes it an ideal choice for Laptop and Notebook applica- 
tions. 


Connection Diagram 


DS14C535 

V+t—tt C2+ 

Ci+—42 GND 

Veo 13 C2- 

Ci-—44 V- 

GND 45 N/C 

N/C 46 SHUTDOWN (SD) 
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RINS 
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Order Number DS14C535MSA 
See NS Package Number MSA28 
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Pin compatible with DS14C335 

Conforms to EIA/TIA-232-E and CCITT (ITU-T) V.28 
specifications 

Failsafe receiver outputs high when inputs open 
Operates with single +5V power supply 

Low power requirement—Icco 12 mA maximum 
SHUTDOWN mode—I.-x 10 yA maximum 

One Receiver (R5) active during SHUTDOWN 
Operates up to 128 kbps—Lap-Link® Compatible 
4V/us minimum Slew Rate guaranteed 

ESD rating of 3 kV on all pins (H, B, M) 

Available in 28-lead SSOP EIAJ Type II package 
Only four 0.1 pF capacitors required for the DC-DC 
converter 


Functional Diagram 
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DS14185 


AD vationa Semiconductor 


EIA/TIA-232 3 Driver x 5 Receiver 


General Description 


The DS14185 is a three driver, five receiver device which 
conforms to the EIA/TIA-232-E standard. 


The flow-through pinout facilitates simple non-crossover 


. board layout. The DS14185 provides a one-chip solution for 


the common 9-pin serial RS-232 interface between data ter- 
minal and data communications equipment. 


Connection Diagram 
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Order Number DS14185WM 
See NS Package M20B 
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Features | 

m Replaces one 1488 and two 1489s. 

m Conforms to EIA/TIA-232-E 

m 3 drivers and 5 receivers 

m Flow through pinout 

m Failsafe receiver outputs 

20-pin SOIC package 

LapLink® compatible -200 kbps data rate. 


Functional Diagram 





DS011938-2 
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96171LSC 





DS14196 
EIA/TIA-232 5 Driver x 3 Receiver 


General Description | Features 


The DS14196 is a five driver, three receiver device which ™ Replaces two 1488s and one 1489 

conforms to the EIA/TIA-232-E and the ITU-T V.28 stan- ™ Conforms to EIA/TIA-232-E and ITU-T V.28 
dards. m 5 drivers and 3 receivers 

The flow-through pinout facilitates simple non-crossover ™ Flow-through pinout 

board layout. The DS14196 provides a peripheral side m Failsafe receiver outputs high when inputs open 
one-chip solution for the common 9-pin serial RS-232 inter- —_™ 20-pin wide SOIC package 

face between data terminals and data communications LapLink® compatible —230.4 kbps data rate 


Pane nt: = Pin compatible with: SN75196, GD75323 
The DS14196 offers optimum performance when used with 


the DS14185 3 x 5 Driver/Receiver, a host side one-chip so- 
lution for the common 9-pin serial RS-232 interface between 
data terminals and data communications equipment. 








Connection Diagram Functional Diagram 
SOP 

Vec 

1 
2 Din 
: Dino 

4 
5 Din3 

6 
7 Routt 
: Rout2 

9 
10 Ding 
DS012613-1 Routs 

Order Number DS14196WM 

See NS Package Number M20B Dis 
GND 
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DSV14196 
+3.3V Supply EIA/TIA-232 5 


General Description 


The DSV14196/DSV14196T is a five driver, three receiver 
device which conforms to the EIA/TIA-232-E and the ITU-T 
V.28 standards. 


The flow-through pinout facilitates simple non-crossover 
board layout. The DSV14196/DSV14196T provides a pe- 
ripheral side one-chip solution for the common 9-pin serial 
RS-232 interface between data terminals and data commu- 
nications equipment. 7 


Connection Diagram 
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Order Number DSV14196WM,DSV14196TWM 
See NS Package Number M20B 
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AY vationat Semiconductor 


Driver x 3 Receiver | 


Features 

m™ Conforms to EIA/TIA-232-E and ITU-T V.28 

m 5 drivers and 3 receivers 

m Flow-through pinout 

m Failsafe receiver outputs high when inputs open 

™ 20-pin wide SOIC package 

@ LapLink® compatible—230.4 kbps data rate 

@ +3.3V Logic Interface 

= Commercial temperature range epllon DSV14196 
(O°C to 70°C) - 

® Industrial temperature range option DSV14196T 
(-40°C to +85°C) 


Functional Diagram 


Veo V+ 
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DS1691A/DS3691 
(RS-422/RS-423) Line Drivers with TRI-STATE® Outputs 


L69€Sd/V L691LSG 


General Description Features 
The DS1691A/DS3691 are low power Schottky TTL line driv- ™ Dual RS-422 line driver with mode pin low, or quad 
ers designed to meet the requirements of EIA standards RS-423 line driver with mode pin high 


RS-422 and RS-423. They feature 4 buffered outputs with ™& TRI-STATE outputs in RS-422 mode 

high source and sink current capability with internal short cir- = Short circuit protection for both source and sink outputs 
cuit protection. A mode control input provides a choice of Op- sm ~ Outputs will not clamp line with power off or in 

eration either as 4 single-ended line drivers or 2 differential TRI-STATE 

line drivers. A rise time control pin allows the use of an exter- 
nal capacitor to slow the rise time for suppression of near 
end crosstalk to other receivers in the cable. Rise time ca- 
pacitors are primarily intended for waveshaping output sig- 
nals in the single-ended driver mode. Multipoint applications 
in differential mode with waveshaping capacitors is not al- 
lowed. . 

With the mode select pin low, the DS1691A/DS3691 are 
dual-differential line drivers with TRI-STATE outputs. They 
feature +10V output common-mode range in TRI-STATE 
mode and OV output unbalance when operated with +5V 
supply. 


™ 100Q transmission line drive capability 
m@ Low |cc and lee power consumption 

RS-422: Ico = 9 mA/driver typ 

RS-423: Iocg = 4.5 mA/driver typ: 

| ee = 2.5 mA/driver typ 
m@ Low current PNP inputs compatible with TTL, MOS and 
CMOS 

m Pin compatible with AM26LS30 





Connection Diagrams 


With Mode Select LOW With Mode Select HIGH 
(RS-422 Connection) (RS-423 Connection) 


RISE TIME CONTROL A Vec RISE TIME CONTROL A 


INPUT A OUTPUTA INPUT A OUTPUTA 


INPUT B/DISABLE QUTPUT B INPUT B/DISABLE OUTPUT 8 





MODE SELECT RISE TIME CONTROL B MODE SELECT RISE TIME CONTROL B 
GND RISE TIME CONTROL C GND RISE TIME CONTROL C 
INPUT C/DISABLE OUTPUT C INPUT C/DISABLE OUTPUT C 
INPUT D QUTPUT D INPUT D OUTPUT D 
VEE RISE TIME CONTROL D VEE RISE TIME CONTROL D 
DS005783-1 DS005783-2 
Top View Top View 


Ordering Information 


Order Number Package Type NS Package Number 
psseoim SO Package eC 
pssesIN Molded DIP [CNMESC*” 


For Complete Military Product Specifications, refer to the appropriate SMD or MDS. 


DS1691AJ/883 Ceramic DIP J16A 
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DS26C31T/DS26C31M 





DS26C31T/DS26C31M 


National Semiconductor 


CMOS Quad TRI-STATE® Differential Line Driver 


General Description 


The DS26C31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The 
DS26C31T meets all the requirements of EIA standard 
RS-422 while retaining the low power characteristics of 
CMOS. The DS26C31M is compatible with EIA standard 
RS-422; however, one exception in test methodology is 
taken (Note 8). This enables the construction of serial and 
terminal interfaces while maintaining minimal power con- 
sumption. 


The DS26C31 accepts TTL or CMOS input levels and trans- 
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the drivers to power down with- 
out loading down the bus. This device has enable and dis- 
able circuitry common to all four drivers. The DS26C31 is pin 
compatible to the AM26LS31 and the DS26LS31. 


Connection Diagrams 


Dual-in-Line Package 





INPUT A 5V 
INPUT D 
CHANNEL A 
OUTPUTS 
; CHANNEL D 
OUTPUTS 
ENABLE 
ENABLE 
CHANNEL B 
OUTPUTS 
CHANNEL C 
OUTPUTS 
INPUT B 
GND INPUT C 


DS008574-1 
Top View 
Order Number DS26C31TM or DS26C31TN 

See NS Package Number M16A or N16E 

For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS26C31ME/883, DS26C31MJ/883 
or DS26C31MW/883 

See NS Package Number E20A, J16A or W16A 
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All inputs are protected against damage due to electrostatic 
discharge by diodes to Voc and ground. 


Features 

m TTL input compatible 

m Typical propagation delays: 6 ns 

Typical output skew: 0.5 ns 

Outputs will not load line when Voc = OV 
DS26C31T meets the requirements of EIA standard 
RS-422 

Operation from single 5V supply 

TRI-STATE outputs for connection to system buses 
Low quiescent current 

Available in surface mount 

Mil-Std-883C compliant 


20-Lead Ceramic Leadless Chip Carrier (E) 
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All a 


_ combinations of 
enable inputs 





L = Low logic state 

X = Irrelevant 

H = High logic state 

Z = TRI-STATE (high impedance) 
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DS26LV31T 


National Semiconductor 


3V Enhanced CMOS Quad Differential Line Driver 


General Description 


The DS26LV31T is a high-speed quad differential CMOS 
driver that meets the requirements of both TIA/EIA-422-B 
and ITU-T V.11. The CMOS DS26LV31T features low static 
loc Of 100 pA MAX which makes it ideal for battery powered 
and power conscious applications. 


Differential outputs have the same Vop guarantee (=2V) as 
the 5V version. 


The EN and EN* inputs allow active Low or active High con- 
trol of the TRI-STATE® outputs. The enables are common to 
all four drivers. Protection diodes protect all the driver inputs 
against electrostatic discharge. Outputs have enhanced 
ESD protection providing greater than 7 kV tolerance. The 
driver and enable inputs (DI, EN, EN*) are compatible with 
low voltage LVTTL and LVCMOS devices. 


Connection Diagram 


Dual-In-Line Package 


DI 1 (1) (16) Vog 
DO 1+ (2) (15) DI 4 
DO 1- (3) (14) DO 4+ 

EN (4) (13) D04- 
DO 2- (5) (12) EN* 
DO 2+ (6) (11) DO3- 

DI 2 (7) (10) DO 3+ 

GND (8) (9) DI3 





DS012642-1 


Top View 
Order Number DS26LV31TM or DS26LV31W 
See NS Package Number M16A or W16A 
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Features 
m Industrial product meets TIA/EIA-422-B (RS-422) and 


L= 


ITU-T V.11 recommendation 


Military product conforms to TIA/EIA-422-B (RS-422) 
Interoperable with existing 5V RS-422 networks 


Industrial and Military temperature range 


Guaranteed Vop of 2V min over operating conditions 
Balanced output crossover for low EMI (typical within 


40 mV of 50% voltage level) 

Low power design (330 pW 3.38V static) 
ESD 2 7 kV on cable I/O pins (HBM) 
Guaranteed AC parameter: 

— Maximum driver skew: 2 ns 

— Maximum transition time: 10 ns 

Pin compatible with DS26C31 

Available in SOIC and Cerpack packaging 


Standard Microcircuit Drawing (SMD) 5962-98584 


All other 
combinations of 
enable inputs 


Low logic state 


X = Irrelevant 


H 


= High logic state 


Z = TRI-STATE 
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DS26F31M 


National Semiconductor 


DS26F31M 


Quad High Speed Differential Line Drivers — 


General Description 


The DS26F31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26F31 
meets all the requirements of EIA Standard RS-422 and 
Federal Standard 1020. It is designed to provide unipolar dif- 
ferential drive to twisted-pair or parallel-wire transmission 
lines. 


The DS26F31 offers improved performance due to the use 
of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 
utilizing extremely short gate delay times. Thus, the 
DS26F31 features lower power, extended temperature 
range, and improved specifications. 


The circuit provides an enable and disable function common 
to all four drivers. The DS26F31M features TRI-STATE® out- 
puts and logical OR-ed complementary enable inputs. The 
inputs are all LS compatible and are all one unit load. 


Connection and Logic Diagrams 


16-Lead Dual-In-Line Package 


IN A Voc 
OUT At IN D 
OUT A2 OUT D1 
ENABLE OUT D2 
OUT B2 ENABLE 
OUT BI OUT C2 

IN B OUT C1 

GND INC 





DS009614-1 


Top View 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS26F31ME/883, DS26F31MJ/883, or 
DS26F31MW/883 
See NS Package Numbers E20A, J16A, or W16A 
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The DS26F31M offers optimum performance when used 
with the DS26F32 Quad Differential Line Receiver. 


Features 

= Military temperature range 

= Output skew—2.0 ns typical 

@ Input to output delay—10 ns 

m= Operation from single +5.0V supply 

m 16-lead ceramic DIP Package 

m Outputs won't load line when Voc = OV 

@ Output short circuit protection 

m Meets the requirements of EIA standard RS-422 

@ High output drive capability for 100Q terminated 
transmission lines 


INPUT INPUT INPUT INPUT 


ENABLE ENABLE 0D C B A 


GND Voce D1 02 C1 C2 B1 B2 At A2 
OUTPUTS 


DS009614-2 


FIGURE 1. Logic Symbol 


20-Lead Ceramic Leadless Chip Carrier (E) 





DS009614-7 
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DS26LS31C/DS26LS31M 
Quad High Speed Differential Line Driver 


General Description Features 

The DS26LS31 is a quad differential line driver designed for ™ Output skew—2.0 ns typical 

digital data transmission over balanced lines. The  m# Input to output delay—10 ns typical 
DS26LS31 meets all the requirements of EIA Standard mm Operation from single 5V supply 
RS-422 and Federal Standard 1020. It is designed to provide =» Outputs won't load line when Vgcg = OV 


unipolar differential drive to twisted-pair or parallel-wire = g Four line drivers in one package for maximum package 
transmission lines. density 


The circuit provides an enable and disable function common 


WLES T9ZSG/O LES 19¢SG 








@ Output short-circuit protection 

to all four drivers. The DS26LS31 features TRI-STATE ® out- Complementary outputs 
Sue paar papcubietes lant pe pe WOON. Meets the requirements of EIA Standard RS-422 

P m Pin compatible with AM26LS31 

m@ Available in military and commercial temperature range 
Logic and Connection Diagrams 8 
ENABLE ENABLE INPUT D INPUT C INPUT B INPUT A 
GND Vec OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
p2 D1 C2 C1 B2 B1 A2 Al 


DS005778- 


Dual-In-Line Package 







INPUT A 


CHANNEL A INPUT D 
OUTPUTS 


CHANNEL D 


ENABLE 13 een 


ENABLE 


CHANNEL B 
OUTPUTS 


CHANNEL C 


INPUT B 10 Rene 


GND INPUT C 


DS005778-2 


Top View 
Order Number DS26LS31CM, or DS26LS31CN 
See NS Package M16A or N16E 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS26LS31MJ/883, DS26LS31ME/883 or DS26LS31MW/883 
See NS Package E20A, J16A or W16A 
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DS26C32AT/DS26C32AM 


DS26C32AT/DS26C32AM 


AY national Semiconductor 


Quad Differential Line Receiver 


General Description 


The DS26C32A is a quad differential line receiver designed 
to meet the RS-422, RS-423, and Federal Standards 1020 
and 1030 for balanced and unbalanced digital data transmis- 
sion, while retaining the low power characteristics of CMOS. 


The DS26C32A has an input sensitivity of 200 mV over the 
common mode input voltage range of +7V. The DS26C32A 
features internal pull-up and pull-down resistors which pre- 
vent output oscillation on unused channels. 

The DS26C32A provides an enable and disable function 
common to all four receivers, and features TRI-STATE ® out- 
puts with 6 mA source and sink capability. This product is pin 
compatible with the DS26LS32A and the AM26LS32. 


Logic Diagram 


ENABLE ENABLE 
O O 


IND2 INDI 
O) O 


INC2 INCI 
) O 


Features 


= CMOS design for low power 

m +0.2V sensitivity over input common mode voltage 
range 

@ Typical propagation delays: 19 ns 

m Typical input hysteresis: 60 mV 

@ Inputs won't load line when Voc = 0V 

™ Meets the requirements of EIA standard RS-422 

m TRI-STATE outputs for connection to system buses 

@ Available in Surface Mount 

@ Mil-Std-883C compliant 


INB2 IN B1 INA2 INAT 
O O O O 





e 
GND OUTPUT D 


Vec 


Connection Diagrams 


Dual-in-Line Package 


INPUTS A 


QUTPUTA 





DS008764-2 


Top View 
Order Number DS26C32ATM or DS26C32ATN 
See NS Package M16A or N16E 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS26C32AME/883, DS26C32AMJ/883 or 
DS26C32AMW/883 
See NS Package E20A, J16A or W16A 
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O 
OUTPUT A 
DS008764-1 


O O 
OUTPUT C OUTPUT B 


20-Lead Ceramic Leadless Chip Carrier 





DS008764-12 
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DS26LV32AT 


3V Enhanced CMOS Quad Differential Line Receiver 


General Description 


The DS26LV32A is a high speed quad differential CMOS re- 
ceiver that meets the requirements of both TIA/EIA-422-B 
and ITU-T V.11. The CMOS DS26LV32AT features typical 
low static loc of 9 MA which makes it ideal for battery pow- 
ered and power conscious applications. The TRI-STATE® 
enables, EN and EN’, allow the device to be active High or 
active Low. The enables are common to all four receivers. 
The receiver output (RO) is guaranteed to be High when the 
inputs are left open. The receiver can detect signals as low 
as +200 mV over the common mode range of +10V. The re- 
ceiver outputs (RO) are compatible with TTL and LVCMOS 
levels. 


Connection Diagram 


Dual-in-Line Package 


RI 1- (1) (16) Voc 


RI 1+ (2) (15) RI4- 
RO 1 (3) (14) RI 4+ 
EN (4) (13) RO4 
RO 2 (5) (12) EN* 
RI 2+ (6) (11) RO3 
RI 2- (7) (10) RI 3+ 


GND (8) (9) RI 3- 





DS012908-1 
Top View 
Order Number DS26LV32ATM or DS26LV32AW 
See NS Package Number M16A or W16A 
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Features 
m Low Power CMOS design (30 mW typical) 
m Interoperable with existing 5V RS-422 networks 
# Industrial and Military Temperature Range 
= Conforms to TIA/EIA-422-B (RS-422) and ITU-T V.11 
Recommendation 
3.3V Operation 
+7V Common Mode Range @ Vip = 3V 
+10V Common Mode Range @ Vp = 0.2V 
Receiver OPEN input failsafe feature 
Guaranteed AC Parameter: 
Maximum Receiver Skew: 4 ns 
Maximum Transition Time: 10 ns 
Pin compatible with DS26C32AT 
32 MHz Toggle Frequency 
> 6.5k ESD Tolerance (HBM) 
Available in SOIC and Cerpack Packaging 
m Standard Microcircuit Drawing (SMD) 5962-98585 


| Enables |—sinputs | 
Pen TEN | APA 

Alother | Vip=+0aV_[ H 
Combinations of | Vp <-0.2V [ Lo 
Enable Inputs __ | __Opent_ | +H __| 







a 







rc 






Fi 


+ Open, not terminated 
L = Logic Low 

H = Logic High 

X = Irrelevant 

Z = TRI-STATE 
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DS26F32M 


National Semiconductor 


DS26F32M 


Quad Differential Line Receivers 


General Description 


The DS26F32 is a quad differential line receiver designed to 

meet the requirements of EIA Standards RS-422 and 

RS-423, and Federal Standards 1020 and 1030 for balanced 
. and unbalanced digital data transmission. 


The DS26F32 offers improved performance due to the use 


of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 


utilizing extremely short gate delay times. Thus, the 
DS26F32 features lower power, extended temperature 
range, and improved specifications. 

The device features an input sensitivity of 200 mV over the 
input common mode range of +7.0V. The DS26F32 provides 
an enable function common to all four receivers and 


TRI-STATE ® outputs with 8.0 mA sink capability. Also, a 


fail-safe input/output relationship keeps the outputs high 
when the inputs are open. 


The DS26F32 offers optimum performance when used with 
the DS26F31 Quad Differential Line Driver. 


Connection Diagrams 


16-Lead DIP | 


~IN B 
OUT A +IN B 
ENABLE OUT B 
OUT Cc ENABLE 
+IN C OUT D 
“INC 


+iN D 


GND “IN D 





DS009615-1 


Top View 
See NS Package Number J16A 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS26F32ME/883, 
DS26F32MJ/883 or DS26F32MW/883 
See NS Package Number E20A, J16A or W16A 
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Features 

# Military temperature range 

@ Input voltage range of +7.0V (differential or common 
mode) +0.2V sensitivity over the input voltage range 

= Meets all the requirements of EIA standards RS-422 and 
RS-423 | 

& High input impedance (18k typical) 

m 30 mV input hysteresis 

m= Operation from single +5.0V supply 

m |nput pull-down resistor prevents output oscillation on 

unused channels 

TRI-STATE outputs, with choice of complementary 

enables, for receiving directly onto a data bus 

m™ Propagation delay 15 ns typical 


20-Lead Ceramic Leadiess Chip Carrier 





Function Table 


(Each Receiver) 





H = High Level 
L = Low Level 
X = Immaterial 
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DS26LS32AC/DS26LS32C/DS26LS32M/DS26LS33M 
Quad Differential Line Receivers 


General Description 


The DS26LS32 and DS26LS32A are quad differential line re- 
ceivers designed to meet the RS-422, RS-423 and Federal 
Standards 1020 and 1030 for balanced and unbalanced digi- 
tal data transmission. 


The DS26LS32 and DS26LS32A have an input sensitivity of 
200 mV over the input voltage range of +7V and the 
DS26LS33 have an input sensitivity of 500 mV over the input 
voltage range of +15V. 

The DS26LS32A differ in function from the popular 
DS26LS32 and DS26LS33 in that input pull-up and 
pull-down resistors are included which prevent output oscil- 
lation on unused channels. 

Each version provides an enable and disable function com- 
mon to all four receivers and features TRI-STATE ® outputs 
with 8 mA sink capability. Constructed using low power 
Schottky processing, these devices are available over the 
full military and commerical operating temperature ranges. 


Logic Diagram 


ENABLE ENABLE 
e OO 


INDZ INDI 
O O 


Features 


High differential or common-mode input voltage ranges 
of +7V on the DS26LS32 and DS26LS32A and +15V 
on the DS26LS33 

+0.2V sensitivity over the input voltage range on the 
DS26LS32 and DS26LS32A, +0.5V sensitivity on the 
DS26LS$33 

DS26LS32 and DS26LS32A meet all requirements of 
RS-422 and RS-423 

6k minimum input impedance 

100 mV input hysteresis on the DS26LS32 and 
DS26LS32A, 200 mV on the DS26LS33 

Operation from a single 5V supply 


m TRI-STATE outputs, with choice of complementary 


INC2 INCi 
O O 


output enables for receiving directly onto a data bus 


INB2 INB1 INA2 INAI 
J O) e@ e 





O 
GND OUTPUT D 


Vcc 
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e 
OUTPUT C 


e 
OUTPUT A 
DS005255-1 


O 
OUTPUT B 
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DS26LS32AC/DS26LS32C/DS26LS32M/DS26LS33M 


Connection Diagram 


Dual-In-Line Package 


INPUTS A 







OUTPUT A 
ENABLE 
OUTPUT C 


OUTPUT D 
INPUTS C 


INPUTS D 


DS005255-2 


Top View 
Order Number DS26LS32CM, DS26LS32CN, 
DS26LS32ACM, DS26LS32ACN, DS26LS33ACM 
or DS26LS33ACN 
See NS Package Number M16A or N16E 

For Complete Military Product Specifications, 

refer to the appropriate SMD or MDS. 
Order Number DS26LS32MJ/883, DS26LS32MW/883, 

DS26LS32ME/883, DS26LS33MW/883 

See NS Package Number E20A, J16A or WI16A 


20-Lead Ceramic Leadless Chip Carrier 





-IN D 
+IN D 


DS005255-12 


a 


See Vip 2 Vin (Max) 
Note Below Vio <= Vtu (Min) 





Hi-Z = TRI-STATE® 
Note: Input conditions may be any combination not defined for ENABLE and ENABLE . 
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L98DrESG 


DS34C86T 
Quad CMOS Differential Line Receiver 


General Description Features 


The DS34C86T is a quad differential line receiver designed | CMOS design for low power 

to meet the RS-422, RS-423, and Federal Standards 1020 # +0.2V sensitivity over the input common mode voltage 
and 1030 for balanced and unbalanced digital data transmis- range . 

sion, while retaining the low power characteristics of CMOS. —™ Typical propagation delays: 19 ns 

The DS34C86T has an input sensitivity of 200 mV over the = Typical input hysteresis: 60 mV 

common mode input voltage range of +7V. Hysteresis is pro- = Inputs won't load line when Vog = OV 

vided to improve noise margin and discourage output insta- = Meets the requirements of EIA standard RS-422 


bility for slowly changing input waveforms. m TRI-STATE outputs for system bus compatibility 
The DS34C86T features internal pull-up and pull-down resis- —_m Available in surface mount 
tors which prevent output oscillation on unused channels. = Open input Failsafe feature, output high for open input 


Separate enable pins allow independent control of receiver 
pairs. The TRI-STATE® outputs have 6 mA source and sink 
capability. The DS34C86T is pin compatible with the 
DS3486. 





Logic Diagram 


INA2 IN At INC2 IN Ci ENABLE ENABLE IN B2 IN B1 IN D2 IN D1 





b 6 


GND Voc QUTPUT A OUTPUT C OUTPUT B = OUTPUT D 
DS008699-1 


Connection Diagram 


Dual-in-Line Package 





Voc 

INPUTS A 
*Open, not terminated 
INPUTS B Z = TRI-STATE 
OUTPUT A 

OUTPUT B 
ENABLE A/C 

ENABLE B/D 


OUTPUT C 


INPUTS | 


GND 


OUTPUT D 


INPUTS D 


DS008699-2 





Top View 
Order Number DS34C86TM, and DS34C86TN 
See NS Package Number M16A and N16E 
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DS34LV86T 


| The receiver output (RO) is guaranteed to be High when the 


National Semiconductor 





DS34LV86T 


| 3V Enhanced CMOS Quad Differential Line Receiver 


General Description : - Features 


The DS34LV86T is a high speed quad differential CMOS re- Low power CMOS design (30 mW typical) 
ceiver that meets the requirements of both TIA/EIA-422-B interoperable with existing 5V RS-422 nenwerks 
and ITU-T V.11. The CMOS DS34LV86T features typical low Industrial temperature range 

' static I¢g of 9 MA which makes it ideal for battery powered Meets TIA/EIA-422-B (RS- 422) and ITU-T V.11 
and power conscious applications. The TRI-STATE® en- recommendation 
ables, EN, allow the device to be disabled when not in use to 3.3V Operation 
ea ee a ocak ay Sree onem® Sm 7V common mode range Vip = 3V 

+10V common mode range Vp = 0.2V 


Receiver OPEN input failsafe feature 

Guaranteed AC parameter: 
Maximum Receiver Skew: 4 ns 
Transition time: 10 ns | 


_ inputs are left open. The receiver can detect signals as low 
as +200 mV over the common mode range of +10V. The re- 
ceiver outputs (RO) are compatible with TTL and LVCMOS 
levels. 


Pin compatible with DS34C86T 
32 MHz Toggle Frequency 
6.5k ESD Tolerance (HBM) 
Available in SOIC packaging 


Connection Diagram 


Dual-In-Line Package 





RI t- (1) (16) Veg 
Ri 1+ (2) = (15) RI 4- 
RO 1 (3) (14) RI 4+ L = Logic Low 
H = Logic High 
EN (4) (13) RO4 X = Irrelevant 
ae Z = TRI-STATE 
RO 2 (5) (12) EN . + = Open, Not Terminated 


RI 2+ (6): (11) RO3 


RI 2- (7) (10) RI 3+ 


GND (8) (9) RI3- 





DS012644-1 


Top View 
Order Number DS34LV86TM 
See NS Package Number M16A 
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DS3486 
Quad RS-422, RS-423 Line Receiver 


General Description | Features 


National’s quad RS-422, RS-423 receiver features four inde- | ™@ Four independent receivers 
pendent receivers which comply with EIA Standards for the  # TRI-STATE outputs 

electrical characteristics of balanced/unbalanced voltage _m™ Internal hysteresis -140 mV (typ) 
digital interface circuits. Receiver outputs are 74LS compat- sm Fast propagation times -19 ns (typ) 
ible, TRI-STATE® structures which are forced to a high im- 
pedance state when the appropriate output control pin 
reaches a logic zero condition. A PNP device buffers each 
output control pin to assure minimum loading for either logic 
one or logic zero inputs. In addition, each receiver has inter- 
nal hysteresis circuitry to improve noise margin and discour- 
age output instability for slowly changing input waveforms. 


= TTL compatible outputs 
m 5V supply 
= Pin compatible and interchangeable with MC3486 


Block and Connection Diagrams 


DIFFERENTIAL TRI-STATE® 
INPUTS CONTROL 
pared aees INPUT OUTPUT 
C) 






Vec 
INPUTS A 
INPUTS B 
OUTPUT A 
TRISTATE - 
CONTROL A/C DETEUTE 
12 TRISTATE 
OUTPUT C CONTROL B/D 
OUTPUT D 
INPUTS C 
| INPUTS D 
GND 


DS005779-2 


Top View 
Order Number DS3486M or DS3486N 
See NS Package Number M16A or N16E 
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DS34C87T 


National Semiconductor 


DS34C87T 


CMOS Quad TRI-STATE® Differential Line Driver | 


General Description 


The DS34C8’7T is a quad differential line driver designed for 
digital data transmission over balanced lines. The 
DS34C87T meets all the requirements of EIA standard 
RS-422 while retaining the low power characteristics of 
CMOS. This enables the construction of serial and terminal 
interfaces while maintaining minimal power consumption. 
The DS34C87T accepts TTL or CMOS input levels and 
translates these to RS-422 output levels. This part uses spe- 
cial output circuitry that enables the individual drivers to 
power down without loading down the bus. This device has 
separate enable circuitry for each pair of the four drivers. 
The DS34C87T is pin compatible to the DS3487T. 

All inputs are protected against damage due to electrostatic 
discharge by diodes to Vcc and ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 


INPUT A Vec 
INPUT D 
CHANNEL A 
OUTPUTS 
CHANNEL D 
A/B CONTROL 13. { OUTPUTS 
C/D CONTROL 
CHANNEL B 
OUTPUTS 


CHANNEL C 
OUTPUTS 


10 


INPUT B 


— GND INPUT C 





DS008576-1 
Top View 
Order Number DS34C87TM or DS34C87TN 
See NS Package Number M16A or N1i6E 


NON-INVERTING 


INPUT OUTPUTS 


INVERTING 


OUTPUT 
CONTROL 


DS008576-2 
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Features 


= TTL input compatible 

= Typical propagation delays: 6 ns 

= Typical output skew: 0.5 ns 

= Outputs won't load line when Voc = OV 

® Meets the requirements of EIA standard RS-422 

= Operation from single 5V supply | 

m TRI-STATE outputs for connection to system buses 
m Low quiescent current . 

m™ Available in surface mount 


Non-inverting inverting 
Output Output 





L = Low logic state 

H = High logic state 

X = Irrelevant 

Z = TRI-STATE (high performance) 
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DS34LV87T 
Enhanced CMOS Quad Differential Line Driver 


General Description Features 
The DS34LV87T is a high speed quad differential CMOS & Meets TIA/EIA-422-B (RS-422) and ITU-T V.11 
driver that meets the requirements of both TIA/EIA-422-B recommendation 


and ITU-T V.11. The CMOS DS34LV87T features low static ™ Interoperable with existing 5V RS-422 networks 

loc Of 100 HA max which makes it ideal for battery powered Guaranteed Vop of 2V min over operating conditions 
and power conscious applications. The TRI-STATE® enable, Balanced output crossover for low EMI (typical within 40 
EN, allows the device to be disabled when the device is not mV of 50% voltage level) 

in use to minimize power. The dual enable scheme allows for Low power design (330 pW 3.3V static) 


flexibility in turning devices on or off. | ESD > 7 kV on cable I/O pins (HBM) 
Protection diodes protect all the driver inputs against electro- Industrial temperature range 


static discharge. The driver and enable inputs (DI and EN) i 

are compatible with LVTTL and LVCMOS devices. Differen- ee apt 2 ns 

tial outputs have the same Vop (22V) guarantee as the 5V =e Mavimuny transition tim ee Sone 
ersion. The outputs have enhanced ESD Protection id- : 

: ee ROR oe mi guectoneroy Pin compatible with DS26C31 


ing greater than 7 kV tolerance. 
Available in SOIC packaging 





Connection Diagram Truth Table 


Dual-In-Line Package 


DI 1 (1) (16) Voc 


DO 1+ (2) (15) DI4 





DO 1- (3) (14) DO 4+ 


L = Low logic state 
X = Irrelevant 


EN (4) (13) DO 4- H = High logic state 
seals foe Z = TRI-STATE 
DO 2+ (6) (11) DO3- 
DI 2 (7) (10) D0 3+ 
GND (8) (9) DI3 





DS012645-1 


Top View 
Order Number DS34LV87TM 
See NS Package Number M16A 
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—DS3487 


National Semiconductor 


Quad TRI-STATE® Line Driver — 


General Description 


National’s quad RS-422 driver features four independent 
drivers which comply with EIA Standards for the electrical 
characteristics of balanced voltage digital interface circuits. 
The outputs are TRI-STATE structures which are forced to a 
high impedance state when the appropriate output control 


| pin reaches a logic zero condition. All input pins are PNP 


buffered to minimize input loading for either logic one or logic 
zero inputs. re 


Block and Connection Diagrams 







O NON-INVERTING 


OUTPUTS 


O INVERTING 


OUTPUT , 
CONTROL 
DS005780-1 





H H 
L H 
X L 


L = Low logic state 

H = High logic state 

X = Irrelevant 

Z = TRI-STATE(high impedance) 
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Non-Inverting 
H es L 
L H 


Features 

m= Four independent drivers 
=m TRI-STATE ® outputs 

m Fast propagation times (typ 10 ns) 

= TTL compatible 

m 5V supply | | 
= Output rise and fall times less than 15 ns 
m Pin compatible with DS8924 and MC3487 


Dual-In-Line Package 


INPUT A 


OUTPUTS A | 


| OUTPUTS D 
A/B CONTROL 


C/D CONTROL 
OUTPUTS } 


| OUTPUTS C 
INPUT B 


GND INPUT C 





DS005780-2 


Top View 
Order Number DS3487M or DS3487N 
See NS Package Number M16A or N16E 


inverting 
Output 
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DS78C20/DS88C20 
Dual CMOS Compatible Differential Line Receiver 


General Description Features 


The DS78C20 and DS88C20 are high performance, dual dif- | ™ Meets requirements of EIA Standards RS-232-C RS-422 
ferential, CMOS compatible line receivers for both balanced and RS-423, and Federal Standards 1020 and 1030 
and unbalanced digital data transmission. The inputs are | Input voltage range of +15V (differential or 

compatible with EIA and Federal Standards. common-mode) 


Input specifications meet or exceed those of the popular Separate strobe input for each receiver 
DS7820/DS8820 line receiver, and the pinout is identical. V2 Voc Strobe threshold for CMOS compatibility 


A response pin is provided for controlling sensitivity to input 5k typical input impedance : 
noise spikes with an external capacitor. Each receiver in- 50 mV input hysteresis 

cludes a 180Q terminating resistor, which may be used op- 200 mV input threshold 

tionally on twisted pair lines. The DS78C20 is specified over Operation voltage range = 4.5V to 15V 


a —55°C to +125°C operating temperature range, and the DS7830/D$8830 recommended driver 
DS88C20 over a 0°C to +70°C range. 


02088S0/0208ZSd 





Connection Diagram 


Dual-in-Line Package 


RESPONSE 
TIME OUTPUT 


TERMI- 
Vec —INPUT wation ‘+INPUT STROBE 





-INPUT TERMI. +INPUT STROBE RESPONSE OUTPUT GND 
NATION ME 
DS005798-1 
Top View 
Order Number DS88C20N 
See NS Package Numbers N14A 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS78C20J/883 
See NS Package Number J14A 
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DS78C120 


Dual CMOS Compatible Differential Line Receiver 


Features 


General Description 


The DS78C120 is a high performance, dual differential, 
CMOS compatible line receiver for both balanced and unbal- 
anced digital data transmission. The inputs are compatible 
with EIA, Federal and MIL standards. 


Input specifications meet or exceed those of the popular 
DS7820 line receiver. 


The line receiver will discriminate a +200 mV input signal 
over a common-mode range of +10V and a +300 mV signal 
over a range of +15V. 


Circuit features include hysteresis and response control for 
applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input be 
open or short. Each receiver includes a 180Q terminating re- 
sistor and the output gate contains a logic strobe for time dis- 
crimination. The DS78C120 is specified over a —55°C to 
+125°C temperature range. 


Connection Diagram 


Full compatibility with EIA Standards RS232-C, RS422 
and RS423, Federal Standards 1020, 1030 and 
MIL-188-114 

Input voltage range of +15V (differential or 
common-mode) 

Separate strobe input for each receiver 

1/2 Veo strobe threshold for CMOS compatibility 
5k typical input impedance 

50 mV input hysteresis 

200 mV input threshold 

Operation voltage range = 4.5V to 15V 
Separate fail-safe mode 


Dual-In-Line Package 


FAIL-SAFE 
Vec 





OFFSET -INPUT TERMI- 
FAIL-SAFE NATION 


TERMI- 


OFFSET -INPUT NATION +INPUT STROBE 


RESPONSE 
TIME OUTPUT 





+INPUT STROBE RESPONSE OUTPUT GND 
TIME 


DS005801-1 


Top View 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS78C120J/883 
See NS Package Number J16A 
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-DS78LS120 
Dual Differential Line Receiver (Noise Filtering and 
Fail-Safe) 


General Description Input specifications meet or exceed those of the popular 


DS7820 line receiver. 
The DS78LS120 is a high performance, dual differential, TTL 
compatible line receiver for both balanced and unbalanced 


digital data transmission. The inputs are compatible with Features 
EIA, Federal and MIL standards. ™ Meets EIA standards RS232-C, RS422 and RS423, 


The line receiver will discriminate a +200 mV input signal Federal Standards 1020, 1030 and MS TOONS 
over a common-mode range of 10V and a +300 mV signal [Input voltage range of +15V (differential or 
over a range of +15V. common-mode) 


Circuit features include hysteresis and response control for Separate strobe input for each receiver 
applications where controlled rise and fall times and/or high 5k typical input impedance 

frequency noise rejection are desirable. Threshold offset Optional 180Q termination resistor 
control is provided for fail-safe detection, should the input be 50mvV input hysteresis 

| open or short. Each receiver includes an optional 180Q ter- 200mV input threshold 

minating resistor and the output gate contains a logic strobe Separate fail-safe mode 

for time discrimination. The DS78LS120 is specified over a 

-—55°C to +125°C temperature range. 





Connection Diagram 


Dual-In-Line-Package 


FAIL-SAFE TERMI- RESPONSE 
VcC OFFSET -INPUT NATION +INPUT STROBE TIME QUTPUT 





FAIL-SAFE—INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 
OFFSET NATION TIME 
DS007499-1 
Top View 
see RETS Data Sheet. 
Order Number DS78LS120J/883 or DS78LS120W/883 
See NS Package Number J16A or W16A 


8-43 www.national.com 


DS8921/DS8921 A/DS8921AT 


_ the ST506, ST412 and ESDI Disk Drive Standards. In addi- 


National Semiconductor. 





DS8921/DS8921A/DS8921 AT 
Differential Line Driver and Receiver Pair 


General] Description The DS8921, DS8921A are designed to be compatible with 


. TTL and CMOS. 
The DS8921, DS8921A are Differential Line Driver and Re- 


ceiver pairs designed specifically for applications meeting Features 
tion, these devices meet the requirements of the EIA Stan- ™@ 12 ns typical propagation delay 
dard RS-422. Output skew - 0.5 ns typical 


The DS8921, DS8921A receivers offer an input sensitivity of Meet the requirements of EIA Standard RS-422 

200 mV over a +7V common mode operating range. Hyster- Complementary Driver Outputs 

esis is incorporated (typically 70 mV) to improve noise mar- High differential or common-mode input voltage ranges 
gin for slowly changing input waveforms. of +7V 

The DS8921, DS8921A drivers are designed to provide uni- +0.2V receiver sensitivity over the input voltage range 
polar differential drive to twisted pair or parallel wire trans- Receiver input hysteresis-70 mV typical 

mission lines. Complementary outputs are logically ANDed =m DS8921AT industrial temperature 

and provide an output skew of 0.5 ns (typ.) with propagation operation: (-40°C to +85°C) 

delays of 12 ns. 


Connection Diagram 





DS008512-1 


Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, 
DS8921ATM, or DS8921ATN 
See NS Package Number MO8A or NO8E 


Receiver. 
| input | Vour 


Woe Vin (Wax) [1 
[Vio = Ven (win) | 0] 
[open] 
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DS89C21 


Differential CMOS Line Driver and Receiver Pair 


General Description 


The DS89C21 is a differential CMOS line driver and receiver 
pair, designed to meet the requirements of TIA/EIA-422-A 
(RS-422) electrical characteristics interface standard. The 
DS89C21 provides one driver and one receiver in a mini- 
mum footprint. The device is offered in an 8-pin SOIC pack- 
age. 

The CMOS design minimizes the supply current to 6 mA, 
making the device ideal for use in battery powered or power 
conscious applications. 


The driver features a fast transition time specified at 2.2 ns, 
and a maximum differential skew of 2 ns making the driver 
ideal for use in high speed applications operating above 
10 MHz. 

The receiver can detect signals as low as 200 mV, and also 
incorporates hysteresis for noise rejection. Skew is specified 
at 4 ns maximum. 


Connection Diagram 


(8) RI 


(7) RI* 


Voc (1) 
RO (2) 
DI (3) (6) DO 


GND (4) (5) Do* 





DS011753-1 


Order Number DS89C21TM 
See NS Package Number M08A 
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The DS89C21 is compatible with TTL and CMOS levels (DI 
and RO). 


Features 
@ Meets TIA/EIA-422-A (RS-422) and CCITT V.11 
recommendation 
= LOW POWER design— 15 mW typical 
m= Guaranteed AC parameters: 
— Maximum driver skew 2.0 ns 
— Maximum receiver skew 4.0 ns 
mw Extended temperature range: -40°C to +85°C 
m@ Available in SOIC packaging 
m Operates over 20 Mbps 
m Receiver OPEN input failsafe feature 


Driver 





Varre = 4200 nV 
Vorre & -200 mV 
OPEN 


+Non-terminated 
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DS8922/DS8922A/DS8923A 
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DS8922/DS8922A/DS8923A TRI-STATE® 
RS-422 Dual Differential Line Driver and Receiver Pairs 


General Description 


The DS8922/22A and DS8923A are Dual Differential Line 
Driver and Receiver pairs. These devices are designed spe- 
cifically for applications meeting the ST506, ST412 and 
ESDI Disk Drive Standards. In addition, the devices meet the 
requirements of the EIA Standard RS-422. | 


These devices offer an input sensitivity of 200 mV over a 
+7V common mode operating range. Hysteresis is incorpo- 
rated (typically 70 mV) to improve ‘noise margin for slowly 
changing input waveforms. An input fail-safe circuit is pro- 
vided such that if the receiver inputs are open the output as- 
sumes the logical one state. 


The DS8922A and DS8923A drivers are designed to provide 
unipolar differential drive to twisted pair or parallel wire trans- 
mission lines. Complementary outputs are logically ANDed 
and provide an output skew of 0.5 ns (typ.) with propagation 
delays of 12 ns. 

Both devices feature TRI-STATE outputs. The DS8922/22A 
have independent control functions common to a driver and 
receiver pair. The DS8923A has separate driver and receiver 
contro! functions. 


Connection Diagrams 


Power up/down circuitry is featured which will TRI-STATE 
the outputs and prevent erroneous glitches on the transmis- 
sion lines during system power up or power down operation. 
The DS8922/22A and DS8923A are designed to be compat- 
ible with TTL and CMOS. 


Features 

m 12 ns typical propagation delay 

= Output skew— +0.5 ns typical | 

u Meets the requirements of EIA Standard RS-422 

= Complementary Driver Outputs 

® High differential or common-mode input voltage ranges 
of +7V | 

+0.2V receiver sensitivity over the input voltage range 
Receiver input fail-safe circuitry 

Receiver input hysteresis — 70 mV typical 

Glitch free power up/down 

m TRI-STATE outputs 


DS8922A Dual-in-Line 





DS008511-1 


Order Number DS8922M, DS8922N, 
DS8922AM or DS8922AN 
See NS Package Number M16A or N16E 
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Connection Diagrams (continued) 


DS8923A Dual-!In-Line 





DS008511-2 


Order Number DS8923AM, DS8923AN, 
See NS Package Number M16A or N16E 


DS8922/22A 
[nor [oz | oi] oo 


ACTIVE ACTIVE 
ACTIVE ACTIVE 













[orf noz | oo | voz | 






8-47 


www.national.com 


VEC68Sd/V2768Sd/cc68Sd 





—DS8925 


A vationat Semiconductor 


DS8925 


LocalTalk™ Dual Driver/Triple Receiver 


General Description 


The DS8925 is a dual driver/triple receiver device optimized 
to provide a single chip solution for a LocalTalk Interface. 
The device provides one differential TIA/EIA-422 driver, one 
TIA/EIA-423 single ended driver, one TIA/EIA-422 receiver 
and two TIA/EIA-423 receivers, all in a surface mount 16 pin 
package. This device is electrically similar to the 26LS30 and 
26LS32 devices. 

The drivers feature +10V common mode range, and the dif- 
ferential driver provides TRI-STATEable outputs. The receiv- 
ers offer +200 mV thresholds over the +10V common mode 
range. 


Connection Diagram 


Dual-In-Line Package 


Vee! Yee" 
Dini 72 Dour 
Deni 4° Dout1~ 
Dina 4 Dout2~ 
Routt “]° Rint 7 
Rout2 16 Rina * 
Rout3 1/7 Rin2~ 
GND —48 Rist 





DS011895-1 


Order Number DS8925M 
See NS Package Number M16A 
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Features 

= Single chip solution for LocalTalk port 
m Two driver/three receivers per package 
m Wide common mode range: +10V 

m +200 mV receiver sensitivity 

= 70 mV typical receiver input hysteresis 
m@ Available in SOIC packaging 


Functional Diagram 


Douri +t 


Dout1 =~ 


nS 
a 





Rina 7 





| | Rinat 
Rout2 
Rina7 





Rina t 
Rout3 
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DS89C386 
Twelve Channel CMOS Differential Line Receiver 


General Description Features 


The DS89C386 is a high speed twelve channel CMOS differ- | ™ Low power design—240 mW typical 

ential receiver that meets the requirements of TIA/ # Meets TIA/EIA-422-B (RS-422) 

ElA-422-B. The DS89C386 features low power dissipation of m Receiver OPEN input failsafe feature 
a. 


240 mW typical. Guaranteed AC parameters: 





Each TRI-STATE® enable, EN, allows the receiver output to — Maximum receiver skew —4 ns 

be active or in a Hi-impedance off state. Each enable is com- — Maximum transition time —9 ns 

mon to only two receivers for flexibility and multiplexing of re- == High Output Drive Capability: +6 mA 

ceiver outputs. m Available in SSOP packaging: 

The receiver output (RO) is guaranteed to be High when the — Requires 30% less PCB space than 3 DS34C86TMs 


inputs are left open and unterminated. The receiver can de- 
tect signals as low and including +200 mV over the common 
mode range of +7V. The receiver outputs (RO) are compat- 


ible with both TTL and CMOS levels. 8 


Connection Diagram | Function Diagram 
48L SSOP EN RI RI* RI RI* 
DS89C386 





1/6 of package 


oO SY OD Oh Fe Ww NB OO 







[Enable 
Z 


+Not terminated. 





DS012085-1 


Order Number DS89C386TMEA 
See NS Package Number MS48A 
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DS89C387 


National Semiconductor 


DS89C387 


Twelve Channel CMOS Differential Line Driver 


General Description 


The DS89C387 is a high speed twelve channel CMOS differ- 
ential driver that meets the requirements of TIA/EIA-422-B. 
The DS89C387 features a low Ico specification of 1.5 mA 
maximum, which makes it ideal for battery powered and 
power conscious applications. The device replaces three 
DS34C87s and offers a PC board space savings up to 30%. 
The twelve channel driver is available in a SSOP package. 
The device is ideal for wide parallel bus applications. 

Each TRI-STATE® enable (EN) allows the driver outputs to 
be active or in a Hl-impedance off state. Each enable is com- 
mon to only two drivers for flexibility and control. The drivers 
may be disabled to turn off load current and to save power 
when data is not being transmitted. 


Connection Diagram 


48L SSOP 
DS89C387 


1 

2 
3 
4 
S 
6 
7 
8 
9 





DS012086-1 


Order Number DS89C387TMEA 
See NS Package Number MS48A 
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The drivers input (Dl) is compatible with both TTL and 
CMOS signal levels. 


Features 
m Low power loc: 1.5 mA maximum 
m™ Meets TIA/EIA-422-B (RS-422) 
m Guaranteed AC parameters: 
— Maximum driver skew -3ns 
— Maximum transition time -10ns 
@ Available in SSOP packaging: 
— Requires 30% less PCB space than 3 DS34C87TMs 


Functional Diagram 


DO 
Dl 
O Do* 
EN 
DO 
DI 
O po* 


DS012086-2 


1/6 of package 
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DS9636A 


RS-423 Dual Programmable Slew Rate Line Driver 


General Description 


The DS9636A is a TTL/CMOS compatible, dual, single 
ended line driver which has been specifically designed to 
satisfy the requirements of EIA Standard RS-423. 


The DS9636A is suitable for use in digital data transmission 
systems where signal wave shaping is desired. The output 
slew rates are jointly controlled by a single external resistor 
connected between the wave shaping control lead (WS) and 
ground. This eliminates any need for external filtering of the 
output signals. Output voltage levels and slew rates are in- 
dependent of power supply variations. Current-limiting is 
provided in both output states. The DS9636A is designed for 
nominal power supplies of £12V. 


Connection Diagram 


Inputs are TTL compatible with input current loading low 
enough (1/10 UL) to be also compatible with CMOS logic. 
Clamp diodes are provided on the inputs to limit transients 
below ground. 


Features 

m= Programmable slew rate limiting 

™ Meets EIA Standard RS-423 

= Commercial or extended temperature range 
= Output short circuit protection 

= TTL and CMOS compatible inputs 


8-Lead DIP 





DS009620-1 


Top View 
Order Number DS9636ACN, 
See NS Package Number NO8E 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS9636AJ/883 
See NS Package Number J08A 
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DS9637A 


AY vationat Semiconductor 


DS9637A 


Dual Differential Line Receiver 


General Description 


The DS9637A is a Schottky dual differential line receiver 
which has been specifically designed to satisfy the require- 
ments of EIA Standards RS-422 and RS-423. In addition, the 
DS9637A satisfies the requirements of MIL-STD 188-114 
and is compatible with the International Standard CCITT rec- 
ommendations. The DS9637A is suitable for use as a line re- 
ceiver in digital data systems, using either single ended or 
differential, unipolar or bipolar transmission. It requires a 
single 5V power supply and has Schottky TTL compatible 
outputs. The DS9637A has an operational input common 
mode range of +7V either differentially or to ground. 


Connection Diagram 


Features 


Dual channel 

Single 5V supply 

Satisfies EIA standards RS-422 and RS423 
Built-in +385 mV hysteresis 

High input common mode voltage range 
High input impedance 

TTL compatible outputs 

Schottky technology 

Extended temperature range 


8—Lead DIP and SO-8 Package 





DS009621-1 


Top View 
Order Number DS9637ACM or DS9637ACN 
See NS Package Number MO8A or NO8E 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS9637AMJ/883 
See NS Package Number JO8A 
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DS9638 


National Semiconductor 


RS-422 Dual High Speed Differential Line Driver 


General Description 


The DS9638 is a Schottky, TTL compatible, dual differential 
line driver designed specifically to meet the EIA Standard 
RS-422 specifications. It is designed to provide unipolar dif- 
ferential drive to twisted pair or parallel wire transmission 
lines. The inputs are TTL compatible. The outputs are similar 
to totem pole TTL outputs, with active pull-up and pull-down. 
The device features a short circuit protected active pull-up 
with low output impedance and is specified to drive 50Q 
transmission lines at high speed. The mini-DIP provides high 
package density. 


Connection Diagram 


Features 


Single 5V supply 

Schottky technology 

TTL and CMOS compatible inputs 
Output short circuit protection 

Input clamp diodes 

Complementary outputs 

Minimum output skew (<1.0 ns typical) 


50 mA output drive capability for 50Q transmission lines 


Meets EIA RS-422 specifications 
Propagation delay of less than 10 ns 
“Glitchless” differential output 


Delay time stable with Voc and temperature variations 


(<2.0 ns typical) (Figure 3) 
Extended temperature range 


8-Lead DIP 





DS009622-1 


Top View 
Order Number DS9638CM or DS9638CN 
See NS Package Number MO8A or NO8E 
For Complete Military Product Specifications, 
refer to the appropriate SMD or MDS. 
Order Number DS9638MJ/883 
See NS Package Number JO8A 
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DS3883A 


DS3883A | 
BTL 9-Bit Data Transceiver 


General Description 


The DS3883A is one in a series of transceivers designed 


specifically for the implementation of high performance Fu- 
turebus+ and proprietary bus interfaces. The DS3883A, is a 
BTL 9-bit Transceiver designed to conform to IEEE 1194.1 
(Backplane Transceiver Logic—BTL) as specified in the 
IEEE 896.2 Futurebus+ specification. Utilization of the 
DS3883A simplifies the implementation of byte wide 
address/data with parity lines and also may be used for the 
Futurebus+ status, tag and command lines. 


The DS3883A driver output configuration is an NPN open 
collector which allows Wired-OR connection on the bus. 
Each driver output incorporates a Schottky diode in series 
with its collector to isolate the transistor output capacitance 
from the bus thus reducing the bus loading in the inactive 
state. The combined output capacitance of the driver and re- 
ceiver input is less than 5 pF. The driver also has high sink 
current capability to comply with the bus loading require- 
ments defined within IEEE 1194.1 BTL specification. 


Backplane Transceiver Logic (BTL) is a signaling standard 
that was invented and first introduced by National Semicon- 
ductor, then developed by the IEEE to enhance the perfor- 
mance of backplane buses. BTL compatible transceivers 
feature low output capacitance drivers to minimize bus load- 
ing, a 1V nominal signal swing for reduced power consump- 
tion and receivers with precision thresholds for maximum 
noise immunity. BTL eliminates settling time delays that se- 
verely limit TTL bus performance, and thus provide signifi- 
cantly higher bus transfer rates. The backplane bus is in- 
tended to be operated with termination resistors (selected to 
match the bus impedance) connected to 2.1V at both ends. 
The low voltage is typically 1V. 


Separate ground pins are provided for each BTL output to 
minimize induced ground noise during simultaneous switch- 
ing. The unique driver circuitry meets the maximum slew rate 
of 0.5 V/ns which allows controlled rise and fall times to re- 
duce noise coupling to adjacent lines. The transceiver’s con- 
trol and driver inputs are designed with high impedance PNP 
input structures and are fully TTL compatible. 


The receiver is a high speed comparator that utilizes a band- 
gap reference for precision threshold control allowing maxi- 
mum noise immunity to the BTL 1V signaling level. Separate 
QVcc and QGND pins are provided to minimize the effects 
of high current switching noise. The output is TRI-STATE® 
and fully TTL compatible. 


The DS3883A supports live insertion as defined in 896.2 
through the LI (Live Insertion) pin. To implement live inser- 
tion the LI pin should be connected to the live insertion 
power connector. If this function is not supported the LI pin 
must be tied to the Vcc pin. The DS3883A also provides 
glitch free power up/down protection during power sequenc- 


ing. 
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The DS3883A has two types of power connections in addi- 
tion to the LI pin. They are the Logic Voc (Vgc) and the Quiet 
Voc (QVec). There are two logic Vcc pins on the DS3883 
that provide the supply voltage for the logic and control cir- 
cuitry. Multiple power pins reduce the effects of package in- 
ductance and thereby minimize switching noise. As these 
pins are common to the V cc bus internal to the device, a 
voltage delta should never exist between these pins and the 
voltage difference between Voc and QV c& should never ex- 
ceed +0.5V because of ESD circuitry. 


Additionally, the ESD circuitry between the Vcc pins and all 
other pins except for BTL I/O’s and LI pins requires that any 
voltage on these pins should not exceed the voltage on Voc 
+ 0.5V. 


There are three different types of ground pins on the 
DS3883A. They are the logic ground (GND), BTL grounds 
(BOGND-—B8GND) and the Bandgap reference ground 
(QGND). All of these ground reference pins are isolated 
within the chip to minimize the effects of high current switch- 
ing transients. For optimum performance the QGND should 
be returned to the connector through a quiet channel that 
does not carry transient switching current. The GND and 
BOGND-B8GND should be connected to the nearest back- 
plane ground pin with the shortest possible path. 


Since many different grounding schemes could be imple- 
mented and ESD circuitry exists on the DS3883, it is impor- 
tant to note that any voltage difference between ground pins, 
QGND, GND or BOGND-B8GND should not exceed +0.5V 


including power-up/down sequencing. 


When CD (Chip Disable) is high, An and Bn are in a high im- 
pedance state. To transmit data (An to Bn) the T/R signal is 
high. To receive data (Bn to An) the T/R signal is low. 


Features 

m 9-bit Inverting BTL transceiver meets IEEE 1194.1 

standard on Backplane Transceiver Logic (BTL) 

Supports live insertion 

Glitch free power-up/down protection 

Typically less than 5 pF bus-port capacitance 

Low bus-port voltage swing (typically 1V) at 80 mA 

Open collector bus-port output allows Wired-OR 

Controlled rise and fall time to reduce noise coupling 

TTL compatible driver and control inputs 

m Built in bandgap reference with separate QV cc and 
QGND pins for precise receiver thresholds 

m Exceeds 2 kV ESD (Human Body Model) 

m Individual bus-port ground pins minimize ground bounce 

m Tight skew (1 ns typical) 
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Connection Diagram 
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aon DS3883AVF 
GND 5 44-PIN 
mae ES 10 X 10 PQFP 
Wee 7 (TOP VIEW) 


AS 9 
A6 10 


A7 11 





B7 21 


Es 
=< 
[an] 
oO 


GND 15 [4 
B8 20 E-] 


NC 16 [4 


BS) ES 
~ [oe] 
_— - 
oO oO 
=z = 


B8 GND 19 [4 


Order Number DS3883AVF 
See NS Package Number VF44B 
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DS3884A | | 
BTL Handshake Transceiver 


General Description 5 


The DS3884A is one in a series of transceivers designed 
specifically for the implementation of high performance Fu- 
turebus+ and proprietary bus interfaces. The DS3884A is a - 
BTL 6-bit Handshake Transceiver designed to conform to &® 
IEEE 1194.1 (Backplane Transceiver Logic—BTL) as speci- & 
fied in the IEEE 896.2 Futurebus+ specification. | 


Features | 

m= Fast propagation delay (3 ns typ) 

m 6-bit BTL transceiver 

m™ Selective receiver glitch filtering (FR1-FR3) 

m Meets 1194.1 Standard on Backplane Transceiver Logic 
(BTL) 

= Supports live insertion . 


Connection Diagram 


FR1 
1 
1 
| 
QGND 
REXT 


Vee 


43 42 41 


PQFP 


1 
2 
13 
4 
5 
6 
7 
8 
9 
1 
1 


_- Oo 


12 13 14 15 16 17 


NC 


DS 
R5 
D6 
R6 
GND 
QGND 





r 


Glitch free power-up/down protection. | 


m Typically less than 5 pF bus-port capacitance 


Low Bus-port voltage swing (typically 1V) at 80 mA 
TTL compatible driver and control inputs 

Separate TTL I/O 

Open collector bus-port outputs allow Wired-OR 
connection 

Controlled rise and fall time to reduce noise coupling to 
adjacent lines 

Built in Bandgap reference with separate QV oo and 
QGND pins for precise receiver thresholds 

Exceeds 2 kV ESD testing (Human Body Model) 


m Individual Bus-port ground pins 


Product offered in PQFP package styles 


GND 
PS1 
PS2 
NC 


-DS3884AVE 
44—PIN 


(TOP VIEW) 


B6 GND 
B6 


DS011460-1 


Order Number DS3884AVF 
See NS Package VF44B 
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Logic Diagram 
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DS3886A 


National Semiconductor 


BTL 9-Bit Latching Data Transceiver 


General Description 

The DS3886A is a higher speed, lower power, pin compat- 
ible version of the DS3886. 

The DS3886A is one in a series of transceivers designed 
specifically for the implementation of high performance Fu- 
turebus+ and proprietary bus interfaces. The DS3886A is a 


BTL 9-Bit Latching Data Transceiver designed to conform to - 
IEEE 1194.1 (Backplane Transceiver Logic—BTL) as speci- ~ 


fied in the IEEE 896.2 Futurebus+ specification. The 
DS3886A incorporates an edge-triggered latch in the driver 
path which can be bypassed during fall-through mode of op- 
eration and a transparent latch in the receiver path. Utiliza- 
tion of the DS3886A simplifies the implementation of byte 
wide address/data with parity lines and also may be used for 
the Futurebus+ status, tag and command lines. 


The DS3886A driver output configuration is an NPN open 
collector which allows Wired-OR connection on the bus. 
Each driver output incorporates a Schottky diode in series 
with it’s collector to isolate the transistor output capacitance 
from the bus, thus reducing the bus loading in the inactive 
state. The combined output capacitance of the driver output 
and receiver input is less than 5 pF. The driver also has high 
sink current capability to comply with the bus loading re- 
quirements defined within IEEE 1194.1 BTL specification. 


Backplane Transceiver Logic (BTL) is a signaling standard 
that was invented and first introduced by National Semicon- 
ductor, then developed by the IEEE to enhance the perfor- 
mance of backplane buses. BTL compatible transceivers 
feature low output capacitance drivers to minimize bus load- 
ing, a 1V nominal signal swing for reduced power consump- 
tion and receivers with precision thresholds for maximum 
noise immunity. The BTL standard eliminates settling time 
delays that severely limit TTL bus performance, and thus 
provide significantly higher bus transfer rates. The back- 
plane bus is intended to be operated with termination resis- 
tors (selected to match the bus impedance) connected to 
2.1V at both ends. The low voltage is typically 1V. 


Separate ground pins are provided for each BTL output to 
minimize induced ground noise during simultaneous switch- 
ing. 

The unique driver circuitry meets the maximum slew rate of 
0.5 V/ns which allows controlled rise and fall times to reduce 
noise coupling to adjacent lines. 


The transceiver’s high impedance control and driver inputs 
are fully TTL compatible. 


The receiver is a high speed comparator that utilizes a Band- 
gap reference for precision threshold control, allowing maxi- 
mum noise immunity to the BTL 1V signaling level. Separate 
QVcc and QGND pins are provided to minimize the effects 
of high current switching noise. The output is TRI-STATE® 
and fully TTL compatible. 

The DS38886A supports live insertion as defined in IEEE 
896.2 through the LI (Live Insertion) pin. To implement live 
insertion the LI pin should be connected to the live insertion 
power connector. If this function is not supported, the LI pin 
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must be tied to the Vcc pin. The DS3886A also provides 
glitch free power up/down protection during power sequenc- 
ing. 

The DS3886A has two types of power connections in addi- 
tion to the LI pin. They are the Logic Vcc (Vec) and the Quiet 
Voc (QVec). There are two Logic Vcc pins on the DS3886A 


_ that provide the supply voltage for the logic and control cir- 
. -Cuitry. Multiple connections are provided to reduce the ef- 


fects of package inductance and thereby minimize switching 
noise. As these pins are common to the Vcc bus internal to 
the device, a voltage delta should never exist between these 
pins and the voltage difference between V cc and QVcec 
should never exceed +0.5V because of ESD circuitry. 
When CD (Chip Disable) is high, An is in high impedance 
state and Bn is high. To transmit data (An to Bn) the T/R sig- 
nal is high. 

When RBYP is high, the positive edge triggered flip-flop is in 
the transparent mode. When RBYP is low, the positive edge 


‘of the ACLK signal clocks the data. 


In addition, the ESD circuitry between the Vcc pins and all 
other pins except for BTL 1/O’s and LI pins requires that any 
voltage on these pins should not exceed the voltage on Voc 
+0.5V. 

There are three different types of ground pins on the 
DS3886A; the logic ground (GND), BTL grounds 
(BOGND-—B8GND) and the Bandgap reference ground 
(QGND). All of these ground reference pins are isolated 
within the chip to minimize the effects of high current switch- 
ing transients. For optimum performance the QGND should 
be returned to the connector through a quiet channel that 
does not carry transient switching current. The GND and 
BOGND-—B8GND should be connected to the nearest back- 
plane ground pin with the shortest possible path. 

Since many different grounding schemes could be imple- 
mented and ESD circuitry exists on the DS3886A, it is impor- 
tant to note that any voltage difference between ground pins, 
QGND, GND or BOGND—B8GND should not exceed +0.5V 
including power up/down sequencing. 

The DS3886A is offered in 44-pin PLCC, and 44-pin PQFP 
high density package styles. 


Features 

m Fast propagation delay (3ns typ) 

9-BIT BTL Latched Transceiver 

Driver incorporates edge triggered latches 
Receiver incorporates transparent latches 

Meets IEEE 1194.1 Standard on Backplane Transceiver 
Logic (BTL) 

Supports Live Insertion 

Glitch free Power-up/down protection 

Typically less than 5 pF Bus-port capacitance 

Low Bus-port voltage swing (typically 1V) at 80 mA 
Exceeds 2 KV ESD testing (Human Body Model) 
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Features (Continued) 


m™ Open collector Bus-port outputs allows Wired-OR 
connection 

= Controlled rise and fall time to reduce noise coupling to 
adjacent lines 

m TTL compatible Driver and Control inputs 


Connection Diagrams 
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@ Built in Bandgap reference with separate QV oo and 
QGND pins for precise receiver thresholds 

m Individual Bus-port ground pins 

m Product offered in PLCC and PQFP package styles 

m Tight skew (0.5 ns typical) 


BO GND 
B1 GND 


Bi 


Q 
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oOo Oo 
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BO 
B2 
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Order Number DS3886AV, or DS3886AVF 
See NS Package Number V44A, or VF44B 
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DS38C86A 


AY vationat Semiconductor 


CMOS BTL 9-Bit Latching Data Transceiver 


General Description 


The DS38C86A is a 9-bit BTL Latching Data Transceiver de- 
signed specifically for proprietary bus interfaces. The device 
is implemented in CMOS technology, and delivers all of the 
performance of its Bi-CMOS counterparts while consuming 
less then half of the power supply current of the DS3886A. 
The DS38C86A conforms to the IEEE 11941.1 (Backplane 
Transceiver Logic - BTL) Standard. 


The DS38C86A incorporates an edge-triggered latch in the 
driver path which can be bypassed during fall-through mode 
of operation and a transparent latch in the receiver path. The 
DS38C86A driver output configuration is an open drain 
which allows Wired-OR connection on the bus. A unique de- 
sign reduces the bus loading to 3 pF typical. The driver also 
has high sink current capability to comply with the bus load- 
ing requirements defined within IEEE 11941.1 BTL specifica- 
tion. 


Backplane Transceiver Logic (BTL) is a signaling standard 
that was invented and first introduced by National Semicon- 
ductor, then developed by the IEEE to enhance the perfor- 
mance of backplane buses. BTL transceivers feature low 
output capacitance drivers to minimize bus loading, a 1V 
nominal signal swing for reduced power consumption and 
receivers with precision thresholds for maximum noise im- 
munity. The BTL standard eliminates settling time delays that 
severely limit TTL bus performance, and thus provide signifi- 
cantly higher bus transfer rates. The backplane bus is in- 
tended to be operated with termination resistors (selected to 
match the bus impedance) connected to a 2.1V at both ends. 
The low voltage is typically 1V. 


The DS38C86A provides an alternative to high power Bipo- 
lar and BiCMOS devices with the use of CMOS technology. 
The CMOS technology enables the DS38C86A to operate at 
50% of the Iog required by the Bi- CMOS DS3886A. This can 
have a major impact on system power consumption. For ex- 
ample, if a backplane is 128 bits wide, 16 devices (9 bits 
each) required per card. Also assume the backplane is one 
rack with 20 slots. Power dissipation savings for this applica- 
tion is calculated by the following equation: 
P = loco-savings x Power supply voltage x number of devices 
P = 32 mAx 5.5V x 320 = 56 Watts 
The power dissipation savings may increase even more 
when; the system bus is wider than 128 bits, there are mul- 
tiple racks in the system, or if the system includes a hot 
backup. This may double the power dissipation savings. 
Separate ground pins are provided for each BTL output mini- 
mize induced ground noise during simultaneous switching. 
The unique driver circuitry provides a maximum slew rate of 
0.9V/ns which allows controlled rise and fall times to reduce 
noise coupling to adjacent lines. 
The transceiver’s high impedance control and driver inputs 
are fully TTL compatible. 
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The receiver is a high speed comparator that utilizes a Band- 
gap reference for precision threshold control allowing maxi- 
mum immunity to the BTL 1V signaling level. 


Separate QVgco and QGND pins are provided to minimize 
the effects of high current switching noise. The receiver out- 
put is TRI-STATE® and fully TTL compatible. 


The DS38C86A supports live insertion as defined in IEEE 
896.2 through the LI (Live Insertion) pin. To implement live 
insertion the LI pin should be connected to the live insertion 
power connector. If this function is not supported, the LI pin 
must be tied to the Veco pin. The DS38C86A also provides 
glitch free power up/down protection during power sequenc- 
ing. 

The DS38C86A has two types of power connections in addi- | 
tion to the LI pin. They are the Logic Voc (Vec) and the Quiet 
Veco (QVcec). There are two Logic Vcc pins on the 
DS38C86A that provide the supply voltage for the logic and 
control circuitry. Multiple connections are provided to reduce 
the effects of package inductance and thereby minimize 
switching noise. A voltage delta between Veco and QVec 
should never exceed +0.5V because of ESD circuitry. 
When CD (Chip Disable) is high, An is in high impedance 
state and Bn is high. To transmit data (An to Bn), the T/R sig- 
nal is high. 

When RBYP is high, the positive edge triggered flip-flop is in 
the transparent mode. When RBYP is low, the positive edge 
of the ACLK signal clocks the data. 


In addition, the ESD circuitry between the Vcc pins and all 
other pins except for BTL I/O’s and LI pins requires that any 
voltage on these pins should not exceed the voltage on Voc 
+0.5V. 


There are three different types of ground pins on the 
DS38C86A; the logic ground (GND), BTL grounds 
(BOGND-—B8GND) and the Bandgap reference ground 
(QGND). All of these ground reference pins are isolated 
within the chip to minimize the effects of high current switch- 
ing transients. For optimum performance the QGND should | 
be returned to the connector through a quiet channel that 
does not carry transient switching current. The GND and 
BOGND-B8GND should be connected to the nearest back- 
plane ground pin with the shortest possible path. 

Since many different grounding schemes could be imple- 
mented and ESD circuitry exists on the DS38C86A, it is im- 
portant to note that any voltage between ground pins, 
QGND, GND or BOGND-B8GND should not exceed +0.5V 
including power up/down sequencing. 

The DS38C86A is offered in a 48-pin 7 x 7 space saving 
PQFP package. 
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Features m 1V Signal swings with 80 mA sink capability 
= >50% Less |... then BiCMOS DS3886A m™ Open drain bus-port outputs allow Wired-OR connection 
= 9-Bit inve iting BTL latching transceiver = Controlled rise and fall time to reduce noise coupling to 


adjacent lines 
m oe ea 1194.1 Standard on Backplane Transceiver = TTL compatible Driver and Control inputs 


: = , # Built in Bandgap reference with separate QVcc and 
woes nue por ies Pens pois riae QGND pins for precise receiver thresholds 
Supports live insertion 


@ Individual -port d pi 
Glitch free power-up/down protection ng viene Eup POH Qrounc:pIne 
m Tight skew — 
Fast propagation delays 


— Driver 2.0 n 
— An to Bn (Fall-Thru Mode) 6.0 ns max a ae D Lge 
— Bn to An (Bypass Mode) 7.0 ns max 


V98D8eSd 


Connection Diagram 


DS38C86AVB 
48—-PIN 





Veo 7 7X 7 PQFP 
(TOP VIEW) 





DS012623-3 
Ordering Information 


pC NSID | Package NS Package Number 
DS38C86AVB PQFP (7x7) VBH48A 
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DS3893A 





DS3893A 


BTL TURBOTRANSCEIVER™ 


General Description 


The TURBOTRANSCEIVER is designed for use in very high 
speed bus systems. The bus terminal characteristics of the 
TURBOTRANSCEIVER are referred to as “Backplane 
Transceiver Logic” (BTL). BTL is a new logic signaling stan- 
dard that has been developed to enhance the performance 
of backplane buses. BTL compatible transceivers feature 
low output capacitance drivers to minimize bus loading, a 1V 
nominal signal swing for reduced power consumption and 
receivers with precision thresholds for maximum noise im- 
munity. This new standard eliminates the settling time de- 
lays, that severely limit the TTL bus performance, to provide 
significantly higher bus transfer rates. 


The TURBOTRANSCEIVER is compatible with the require- 
ments of the proposed IEEE 896 Futurebus draft standard. It 
is similar to the DS3896/97 BTL TRAPEZOIDAL™ Trans- 
ceivers but the trapezoidal feature has been removed to im- 
prove the propagation delay. A stripline backplane is there- 
fore required to reduce the crosstalk induced by the faster 
rise and fall times. This device can drive a 10Q load with a 
typical propagation delay of 3.5 ns for the driver and 5 ns for 
the receiver. 

When multiple devices are used to drive a parallel bus, the 
driver enables can be tied together and used as a common 
control line to get on and off the bus. The driver enable delay 


| is designed to be the same as the driver propagation delay in 


order to provide maximum speed in this configuration. The 
low input current on the enable pin eases the drive required 
for the common control line. 


Connection and Logic Diagram 


AY vational Semiconductor 


The bus driver is an open collector NPN with a Schottky di- 
ode in series to isolate the transistor output capacitance from 
the bus when the driver is in the inactive state. The active 
output low voltage is typically 1V. The bus is intended to be 
operated with termination resistors (selected to match the 
bus impedance) to 2.1V at both ends. Each of the resistors 
can be as low as 20Q. 


Features 

m= Fast single ended transceiver (typical driver enable and 
receiver propagation delays are 3.5 ns and 5 ns) 

m Backplane Transceiver Logic (BTL) levels (1V logic 
swing) 

m Less than 5 pF bus-port capacitance 

m Drives densely loaded backplanes with equivalent load 
impedances down to 10Q 

m 4 transceivers in 20 pin PCC package 

m= Specially designed for stripline backplanes 

m Separate bus ground returns for each driver to minimize 
ground noise 

m= High impedance, MOS and TTL compatible inputs 

= TRI-STATE™ control for receiver outputs 

™ Built-in bandgap reference provides accurate receiver 
threshold 

m Glitch free power up/down protection on all outputs 

m Oxide isolated bipolar technology 





www.national.com 


DS008698-1 


Order Number DS3893AV 
See NS Package Number V20A 
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DS3896/DS3897 


National Semiconductor 


BTL Trapezoidal™ Transceivers 


General Description 


These advanced transceivers are specifically designed to 
overcome problems associated with driving a densely popu- 
lated backplane, and thus provide significant improvement in 
both speed and data integrity. Their low output capacitance, 
low output signal swing and noise immunity features make 
them ideal for driving low impedance buses with minimum 
power consumption. 


The DS3896 is an octal high speed schottky bus transceiver 
with common control signals, whereas the DS3897 is a quad 
device with independent driver input and receiver output 
pins. The DS3897 has a separate driver disable for each 
driver and is, therefore, suitable for arbitration lines. The 
separate driver disable pins (En) feature internal pull ups 
and may be left open if not required. On the other hand, the 
DS3896 provides high package density for data/address 
lines. 


The open collector drivers generate precise trapezoidal 
waveforms, which are relatively independent of capacitive 
loading conditions on the outputs. This significantly reduces 
noise coupling to adjacent lines. In addition, the receivers 
use a low pass filter in conjunction with a high speed com- 
parator, to further enhance the noise immunity and provide 
equal rejection to both negative and positive going noise 
pulses on the bus. 


To minimize bus loading, these devices also feature a schot- 
tky diode in series with the open collector output that isolates 
the driver output capacitance in the disabled state. The out- 
put low voltage is typically “1V” and the output high level is 
intended to be 2V. This is achieved by terminating the bus 


Logic Diagrams 


DS3896N, M 





(1/R) 
TRANSMIT / 
RECEIVE 
DS008510-1 





with a pull up resistor to 2V at both ends. The device can 
drive an equivalent DC load of 18.50 (or greater) in the 
above configuration. 

These signalling requirements, including a 1 volt signal 
swing, low output capacitance and precise receiver thresh- 
olds are referred to as Bus Transceiver Logic (BTL). 


Features 


® 8 bit DS3896 transceiver provides high package density 

= 4 bit DS3897 transceiver provides separate driver input 
and receiver output pins 

= BTL compatible 

m™ Less than 5 pF output capacitance for minimal bus 
loading 

@ 1 Volt bus signal swing reduces power consumption 

m= Trapezoidal driver waveforms (t,, t; = 6 ns typical) 
reduce noise coupling to adjacent lines 

m Temperature insensitive receiver thresholds track the 
bus logic high level to maximize noise immunity in both 
high and low states 

m= Guaranteed A.C. specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

m= Open collector driver output allows wire-or connection 

m Advanced low power schottky technology 

m™ Glitch free power up/down protection on driver and 
receiver outputs 

= TTL compatible driver and control inputs and receiver 
outputs 


DS3897N, M 
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Order Numbers DS3896M, DS3896N, DS3897M or DS3897N 
See NS Package Number M20B or N20A 
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DS75110A 


DS75110A 
Dual Line Drivers 


General Description 


The DS75110A is a dual line driver with independent chan- 
nels, common supply and ground terminals featuring con- 
stant current outputs. These drivers are designed for opti- 
mum performance when used with the DS75107, DS75108 
line receivers. . oS 


The output current of the DS75110A is nominally 12 mA and 
may be switched to either of two output terminals with the 
appropriate logic levels at the driver input. | 

Separate or common control inputs are provided for in- 
creased logic versatility. These control or inhibit inputs allow 
the output current to be switched off (inhibited) by applying 
low logic levels to the control inputs. The output current in 
the inhibit mode, lovom, is specified so that minimum line 
loading is induced. This is highly desirable in system applica- 


_ tions using party line data communications. 


Connection Diagram 


14-Lead Dual-In-Line Package 
and SO-14 Package 


V+ 

OUT A2 

OUT Al 

INH COMMON 
OUT B1 

OUT B2 





DS009619-4 


Top View 
Order Number DS75110AM or DS75110AN 
See NS Package Number M14A or N14A 
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Features 

m Improved stability over supply voltage and temperature 
ranges | 

Constant current, high impedance outputs 

High speed: 15 ns max propagation delay 

Standard supply voltages 

Inhibitor available for driver selection 

High common mode output voltage range 

(-3.0V to 10V) 

m= TTL input compatibility 


Function Table 





H = High 
L = Low 
X = Don’t Care 
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DS7830 
Dual Differential Line Driver 


General Description | Features 


The DS7830 is a dual differential line driver that also per- ™ Single 5V power supply 
forms the dual four-inpbut NAND or dual four-inpbut AND func- Diode protected outputs for termination of positive and 
tion. negative voltage transients 


TTL (Transistor-Transistor-Logic) multiple emitter inputs al- | ™ Diode protected inputs to prevent line ringing 
low this line driver to interface with standard TTL systems. #& High speed 

The differential outputs are balanced and are designed to =m Short circuit protection 

drive long lengths of coaxial cable, strip line, or twisted pair 

transmission lines with characteristic impedances of 50Q to 

5002. The differential feature of the output eliminates 

troublesome ground-loop errors normally associated with 

single-wire transmissions. 


Connection Diagram 





Dual-iIn-Line and Flat Package 


AND NAND 
Vec OUTPUT OUTPUT 





AND NAND GND 
OUTPUT OUTPUT 
DS005799-2 
Top View 
For Complete Military 883 Specificatons, See RETS Data Sheet. 
Order Number DS7830J/883 or DS7830W/883 
See NS Package Number J14A 
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DS7831/DS8832 





AY national Semiconductor 


DS7831/DS8832 


Dual TRI-STATE® Line Driver 


General Description 


Through simple logic control, the DS7831/DS8832 can be 
used as either a quad single-ended line driver or a dual dif- 
ferential line driver. They are specifically designed for party 
line (bus-organized) systems. The DS8832 does not have 
the Voc clamp diodes found on the DS7831. 


The DS7831 is specified for operation over the —55°C to 
+125°C military temperature range. The DS8832 is specified 
for operation over the 0°C to +70°C temperature range. 


Connection and Logic Diagram 


Features 

m™ Series 54/74 compatible 

= 17 ns propagation delay 

m= Very low output impedance —high drive capability 

m™ 40 mA sink and source currents 

m Gating control to allow either single- “ended or differential 
operation 

= High impedance output state which allows many outputs 
to be connected to a common bus line 


Dual-in-Line raenege 


“A” OUTPUT 
DISABLE 


DIFFERENTIAL/ 


OUTPUT INPUT OUTPUT INPUT SINGLE-ENDED 
A2 2 


“Al Al MODE CONTROL 





“B’ OUTPUT 
DISABLE 


mee INPUT QUTPUT INPUT OIFFERENTIAL/ GNO 
B2 


Bi SINGLE-ENDED 
MODE CONTROL 
DS005800-1 


Top View 
- Order Number DS8832J or DS8832N 
See NS Package Number J16A or N1i6A 
For Complete Military 883 Specificatons, 
See RETS Data Sheet. 
Order Number DS7831J/883, DS7831W/883, 
See NS Package Number J16A or W16A 
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Truth Table 


(Shown for A Channels Only) 
Differential/ 
“A” Output Disable Single-Ended Output A2 
Logical “1” or Same as Logical “1” or Same as 
X 1 Logical “1” or Opposite of Logical “1” or Same as 
fey * Pees Logical “O” Input A1 Logical “O” Input A2 
1 X High High 
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Impedance Impedance 
State State 





X = Don't Care 
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DS1603 
TRI-STATE® Dual Receiver 


General Description 
The DS16033 is a dual differential TRI-STATE line receiver 


designed for a broad range of system applications. It fea-- 


tures a high input impedance and low input current which re- 
duces the loading effects on a digital transmission line, mak- 
ing it ideal for use in party line systems and general purpose 
applications like transducer preamplifiers, level translators 
and comparators. 


The receivers feature a +25 mV input sensitivity specified 
over a +3V common mode range. Input protection diodes 
are incorporated in series with the collectors of the differen- 
tial stage. These diodes are useful in applications that have 
multiple V.¢+ supplies or Vocg+ supplies that are turned off 
thus avoiding signal clamping. In addition, TTL compatible 
strobe and control lines are provide for flexibility in the appli- 
cation. 


Connection Diagram 


National Semiconductor 


The DS1603 is pin compatible with the DS75107 dual line re- 
ceiver. 


Features 

m= Diode protected input stage for power “OFF” condition 
= 17 ns typ high speed 

= TTL compatible 

m +25 mV input sensitivity 

m +3V input common-mode range 

@ High-input inpedance with normal Vcc, OF Vec = OV 
m™ Strobes for channel selection 

m TRI-STATE outputs for high speed buses 


Dual-in-Line Package 


INPUT 
Vec~ 2A 


INPUT 


OUTPUT STROBE 


NC 2yv 2G 





INPUT INPUT NC 
1A 1B 


OUTPUT 


STROBE 
1G 


DISABLE GNO 


DS005781-2 


Top View 
For Complete Military 883 Specifications, See RETS Data Sheet. 
Order Number: DS1603J/883 or DS1603W/883 
See NS Package Number J14A 
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DS3650 
Quad Differential Line Receivers 


General Description Features 


The DS3650 is TTL compatible quad high speed circuits in- | ™ High speed 

tended primarily for line receiver applications. Switching = TTL compatible 

speeds have been enhanced over conventional line receiv- —m Input sensitivity: +25 mV 

ers by the use of Schottky technology, and TRI-STATE® = TRI-STATE outputs for high speed busses 
strobing is incorporated offering a high impedance output Standard supply voltages: +5V 

late lol passed oldanizauons: = Pin and function compatible with MC3450 


The DS3650 has active pull-up outputs and offers a 
TRI-STATE strobe. 


Connection Diagram . 
Wired “OR” Data Selecting Using TRI-STATE Logic 


Dual-In-Line Package 


Veco =-INB.) Ss +INB)SsOUTB Ss VEE Os OUTD SO +IND=Ss —-IND 


DATA 
LINES 





-INA HNA OUTA STB OUTS +NC —INC GND 
DS005782-1 





Top View DS005782-3 
Order Number DS3650M or DS3650N 
See NS Package Number M16A or N16A 
For Complete Military 883 Specifications, 
see RETS Data Sheet. 


| 
ee ee eee 


Input 


Vp = 25 mV 


-—25 mV § Vip $ 25 mV 





L = Low Logic State Open = TRI-STATE 
H = High Logic State X = Indeterminate State 


8-69 www.national.com 


0s9eSa 


DS75107 


AY national Semiconductor 


DS75107 
Dual Line Receiver 


General Description | 


The product described herein is a TTL compatible dual high 
speed circuit intended for sensing in a broad range of system 
applications. While the primary usage will be for line receiv- 
ers of MOS sensing, the product may effectively be used as 
a voltage comparator, level translator, window detector, 
transducer preamplifier, and in other sensing applications. 
As a digital line receiver the product is applicable with the 
SN55109/SN75109 and pA75110/DS75110 companion driv- 
ers, or may be used in other balanced or unbalanced 
party-line data transmission systems. 

Input protection diodes are incorporated in series with the 
collectors of the differential input stage. These diodes are 
useful in certain applications that have multiple Voc+ sup- 
plies or Voc+ supplies that are turned off. 


Connection Diagram 


Features 


Diode protected input stage for power “OFF” condition 
17 ns typ high speed 

TTL compatible 

+10 mV or +25 mV input sensitivity 

+3V input common-mode range 

High input impedance with normal Vcc, or Veg = OV 
Strobes for channel selection 

Dual circuits 

Sensitivity gntd. over full common-mode range 

Logic input clamp diodes— meets both “A” and “B” 
version specifications 

+5V standard supply voltages 


Dual-In-Line Package 


INPUT 
Vect Vec~ 2A 


INPUT 
2B 


OUTPUT STROBE 
2yY 2G 





INPUT INPUT NC 
1A 1B 


OUTPUT STROBE STROBE 
1y¥ 1G s 


GNO 


DS009446-1 


Top View 
Order Number DS75107M, DS75107N 
See NS Package Number M14A or N14A 
For Complete Military 883 Specifications, see RETS Datasheet. 
Order Number DS55107AJ/883 
See NS Package Number J14A 


Selection Guide 





Temperature— 

Package 

input Sensitivity— 
Output Logic! 










0°;C < T, < +70°C 
Cavity or Molded Dip 
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TTL Active Pull-Up | DS75107 
TTL Open Collector 
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DS7820A/DS8820A 
Dual Line Receiver 


General Description operating temperature range (-55°C to +125°C and 0°C to 
; 70°C respectively), over the entire input voltage range, for 
The DS7820A and the DS8820A are improved performance —4. 49% supply voltage variations. 


digital line receivers with two completely independent units 
fabricated on a single silicon chip. Intended for use with digi- 

tal systems connected by twisted pair lines, they have a dif- Features 
ferential input designed to reject large common mode sig- 
nals while responding to small differential signals. The output 
is directly compatible with TTL or LS integrated circuits. 


The response time can be controlled with an external capaci- 
tor to reject input noise spikes. The output state is a logic “1” Fanout of ten with TTL integrated circuits 
for both inputs open. Termination resistors for the twisted Outputs can be wire OR’ed | 

pair line are also included in the circuit. Both the DS7820A ~—q_ Series 54/74 compatible 

and the DS8820A are specified, worst case, over their full 


v0zcsssSd/v0csZsa 


Operation from a single +5V logic supply 
Input voltage range of +15V 

Strobe low forces output to “1” state 
High input resistance 





Connection Diagram 


Dual-in-Line Package 


— INPUT Vee 
TERMINATION — INPUT 
+ INPUT TERMINATION 
STROBE + INPUT 
RESPONSE TIME STROBE 
OUTPUT RESPONSE TIME 
GROUND OUTPUT 





DS005797-2 
Note 1: Pin 7 connected to bottom of cavity package. 
Top View 
Order Number DS7820AJ or DS8820AN See NS Package Number J14A or N14A 
For Complete Military 883 Specificatons, See RETS Data Sheet. 
Order Number DS7820AJ/883 
See NS Package Number J14A or W14B 
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DS9622 





| Connection Diagram 


DS9622 
Dual Line Receiver 


General Description 


The DS9622 is a dual line receiver designed to discriminate 
a worst case logic swing of 2V from a +10V common mode 
noise signal or ground shift. A 1.5V threshold is built into the 


_ differential amplifier to offer a TTL compatible threshold volt- 


age and maximum noise immunity. The offset is obtained by 
use of current sources and matched resistors. 


The DS9622 allows the choice of output states with the input 
open, without affecting circuit performance by use of S3. A 
130Q terminating resistor is provided at the input of each line 
receiver. An enable is also provided for each line receiver. 
The output is TTL compatible. The output high level can be 
increased to 12V by tying it to a positive supply through a re- 
sistor. The output circuits allow wired-OR operation. 


National Semiconductor. 


Features 

= TTL compatible threshold voltage 

m Input terminating resistors 

m™ Choice of output state with inputs open 
TTL compatible output 

High common mode 

Wired-OR capability 

Enable inputs 

Logic compatible supply voltages 


14—Lead DIP 





DS009760-2 


ie Top View 
For Complete Military 883 Specifications, see RETS Datasheet. 
Order Number DS9622ME/883, 
DS9622MJ/883 or DS9622MW/883 
See NS Package Number E20A, J14A or W14B 
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DS3662 


Quad High Speed Trapezoidal™ Bus Transceiver 


General Description 


The DS3662 is a quad high speed Schoitky bus transceiver 
intended for use with terminated 120Q impedance lines. It is 
specifically designed to reduce noise in unbalanced trans- 
mission systems. The open collector drivers generate pre- 
cise trapezoidal waveforms with rise and fall times of 15 ns 
(typical), which are relatively independent of capacitive load- 
ing conditions on the outputs. This reduces noise coupling to 
the adjacent lines without any appreciable impact on the 
maximum data rate obtainable with high speed bus trans- 
ceivers. In addition, the receivers use a low pass filter in con- 
junction with a high speed comparator, to further enhance 
the noise immunity. Tightly controlled threshold levels on the 
receiver provide equal rejection to both negative and positive 
going noise pulses on the bus. 


The external termination is intended to be a 180Q resistor 
from the bus to 5V logic supply, together with a 390Q resistor 
from the bus to ground. The bus can be terminated at one or 
both ends. A two input NOR gate is provided to disable all 
drivers in a package simultaneously. 


Block and Connection Diagram 


Features 
@ Pin to pin functional replacement for DS8641 
™ Guaranteed AC specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 
= Temperature insensitive receiver thresholds track bus 
logic level 
m Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 
m™ Precision receiver thresholds provide maximum noise 
immunity and symmetrical response to positive and 
negative going pulses 
=# Open collector driver output allows wire-OR connection 


High speed Schottky technology 
15 pA typical bus termination current with normal Voc or 


with Voc = OV 
m Glitch free power up/down protection on the driver 
output 
m= TTL compatible driver and disable inputs, and receiver 
outputs 


Dual-in-Line Package 
Vcc BUS 1 IN 1 OUT 1 





BUS 3 IN3 OUT3 BUS4 


Top View 


BUS 2 


IN4 


IN2 OUT2 DISABLE A 


OUT4 DISABLEB GND 
DS005803-1 


Order Number DS3662J, DS3662N or DS3662WM 
See NS Package Number J16A, N16A or M16B 
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DS3862 





DS3862 


General Description 


The DS3862 is an octal high speed schoitky bus transceiver 
intended for use with terminated 120Q impedance lines. It is 
specifically designed to reduce noise in unbalanced trans- 
mission systems. The open collector drivers generate pre- 
cise trapezoidal waveforms with rise and fall times of 9 ns 
(typical), which are relatively independent of capacitive load- 
ing conditions on the outputs. This reduces noise coupling to 


| the adjacent lines without any appreciable impact on the 


maximum data rate obtainable with high speed bus trans- 
ceivers. In addition, the receivers use a low pass filter in con- 
junction with a high speed comparator, to further enhance 
the noise immunity. Tightly controlled threshold levels on the 
receiver provide equal rejection to both negative and positive 
going noise pulses on the bus. — | 


The external termination is intended to be a 180Q resistor 
from the bus to 5V logic supply, together with a 390Q resistor 
from the bus to ground. The bus can be terminated at one or 
both ends. 


Logic and Connection Diagram 


A2 
A3 
Ad 

Vec 
AS 
se — 


A7 
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Octal High Speed Trapezoidal™ Bus Transceiver 


Features 

= Guaranteed A.C. specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

m Temperature insensitive receiver thresholds track bus 
logic level and respond symmetrically to positive and 
negative going pulses 

m Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 

m Open collector driver output allows wire-or connection 

m Advanced low power schottky technology 

™ Glitch free power up/down protection on driver and 
receiver outputs 

m TTL compatible driver and control inputs, and receiver 
outputs 

= Control logic is the same as the DS3896 


T/R) 
TRANSMIT/ RECEIVE 


DS008539-1 
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Order Number DS3862J, DS3862N or DS3862WM 
See NS Package Number J20A, N20A or M20B 
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DS75160A/DS75161A 
IEEE-488 GPIB Transceivers 


General Description 


This family of high-speed-Schottky 8-channel bi-directional 

transceivers is designed to interface TTL/MOS logic to the 
| IEEE Standard 488-1978 General Purpose Interface Bus 
(GPIB). PNP inputs are used at all driver inputs for minimum 
loading, and hysteresis is provided at all receiver inputs for 
added noise margin. The IEEE-488 required bus termination 
is provided internally with an active turn-off feature which dis- 
connects the termination from the bus when Vcg is removed. 


The General Purpose Interface Bus is comprised of 16 sig- 
nal lines — 8 for data and 8 for interface management. The 
data lines are always implemented with DS75160A, and the 
management lines are either implemented with DS75161A in 
a single-controller system. 


Connection Diagrams 


Dual-In-Line Package 


BUS 


DS75160A 


TERMINAL 





DS005804-1 
Top View 
Order Number DS75160AN or DS75160AWM 
See NS Package Number M20B or N20A 
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Features 


8-channel bi-directional non-inverting transceivers 
Bi-directional control implemented with TRI-STATE® 
output design 

Meets IEEE Standard 488-1978 

High-speed Schottky design 

Low power consumption 

High impedance PNP inputs (drivers) 

500 mV (typ) input hysteresis (receivers) 

On-chip bus terminators 

No bus loading when Vcc is removed 

Pin selectable open collector mode on DS75160A driver 
outputs 

Accommodates multi-controller systems 


Dual-Iin-Line Package 
Ny, | 





i ol Vee 
REN 42 REN 
IFC —43 IFC 
NDAC —4 4 NDAC 
pus { SPS Mere TERMINAL 
DAV 46 DAV 
E047 EO! 
ATN 48 ATN 
SRQ—“A9 SRQ 


GND 


Oo 


DS005804-16 


Order Number DS75161AN or DS75161AWM 
See NS Package Number M20B or N20B 
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DS8641 
Quad Unified Bus Transceiver 


General Description Features 


- The DS8641 is a quad high speed drivers/receivers de- ™ 4 Separate driver/receiver pairs per package 
signed for use in bus organized data transmission systems m™ Guaranteed minimum bus noise immunity of 0.6V, 1.1V 


interconnected by terminated 120Q impedance lines. The typ 

external termination is intended to be a 180Q resistor from m Temperature insensitive receiver thresholds track bus 
the bus to the +5V logic supply together with a 390Q resistor logic levels | 

from the bus to ground. The bus can be terminated atone or —w 30 yA typical bus terminal current with normal Voc or 
both ends. Low bus pin current allows up to 27 driver/ with Vog = OV amy 


receiver pairs to utilize a common bus. The bus loading is 
unchanged when Vcc = OV. The receivers incorporate tight 
thresholds for better bus noise immunity. One two-input NOR 
gate is included to disable all drivers in a package simulta- 
neously. a 


Open collector driver output allows wire-OR connection 
High speed : | 

m™ Series 74 TTL compatible driver and disable inputs and 
receiver outputs | 


Connection Diagram 


Dual-In-Line Package 
Voc BUS 1 IN1  QUT1  BUS2 IN2 OUT2 DISABLEA 








BUS3 IN3  OQUT3 BUS4 IN4 OQUT4 DISABLEB GND 
DS005806-1 
Top View 
Order Number DS8641N 
See NS Package Number N16A 
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Typical Application 


+5V 


ice 


| 
| 
| 
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DS005806-2 
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DS8838 


Quad Unified Bus Transceiver 


General Description 


The DS8838 is a quad high speed driver/receiver designed 
for use in bus organized data transmission systems intercon- 
nected by terminated 120Q impedance lines. The external 
termination is intended to be 180Q resistor from the bus to 
the +5V logic supply together with a 390Q resistor from the 
bus to ground. The bus can be terminated at one or both 
ends. Low bus pin current allows up to 27 driver/receiver 
pairs to utilize a common bus. The bus loading is unchanged 
when Vcc = OV. The receivers incorporate hysteresis to 
greatly enhance bus noise immunity. One two-input NOR 
gate is included to disable all drivers in a package simulta- 
neously. Receiver performance is optimized for systems with 
bus rise and fall times < 1.0 ps/V. 


Typical Application 


+5V 


180 


390 


www.national.com 





Features | 

m 4 totally separate driver/receiver pairs per package 

m 1V typical receiver input hysteresis 

m Receiver hysteresis independent of receiver output load 

™ Guaranteed minimum bus noise immunity of 1.3V, 2V 
typ.. 

= Temperature-insensitive receiver thresholds track bus 
logic levels 

m@ 20 WA typical bus terminal current with normal Voc or 
with Voc = OV 

= Open collector driver output allows wire-OR connection 

= High speed 

m= Series 74 TTL compatible driver and disable inputs and 

receiver outputs 


+5V 


390 


DS005812-1 
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Connection Diagram 


Dual-In-Line Package 
Voc BUS 1 IN1 OUT1 BUS2 IN2 OUT2 DISABLEA 





BUS 3 IN 3 OUT 3 BUS 4 IN 4 OUT4 DISABLEB GND 
DS005812-2 


Top View 
Order Number DS7838J, DS8838M or DS8838N 
See NS Package Number J16A, M16A or N16A 
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DS1776 
Pl-Bus Transceiver 


General Description 


The DS1776 is an octal Pl-bus Transceiver. The A to B path 
is latched. B outputs are open collector with series Schottky 
diode, ensuring minimum B output loading. B outputs also 
have ramped rise and fall times (2.5 ns typical), ensuring 
minimum Pl-bus ringing. B inputs have glitch rejection cir- 
cuitry, 4 ns typical. ; 
Designed using National’s Bi-CMOS process for both low 
operating and disabled power. AC performance is optimized 
for the Pl-Bus inter-operability requirements. 

The DS1776 is an octal latched transceiver and is intended 
to provide the electrical interface to a high performance 
wired-or bus. This bus has a loaded characteristic imped- 
ance range of 20Q to 50Q and is terminated on each end 
with a 30Q to 40Q resistor. 

The DS1776 is an octal bidirectional transceiver with open 
collector B and TRI-STATE® A port output drivers. A latch 
function is provided for the A port signals. The B port output 


Pin Configurations 


Pin Configuration 





Veo 4! LE 
OEA —4 2 BO 
AO—4 3 BI 
GND =| 4 GND 
At—p5 B2 
A216 B3 
AR—47 GND 
GND —4 8 B4 
Asm 9 B5 
A5 = 10 B6 
GND 4111 GND 
A641 12 B7 
AT —1 13 OEB1 
VX — 14 OEBO 


DS010875-1 


Order Number DS1776E/883 or DS1776J/883 
See NS Package E28A or J28B 
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driver is designed to sink 100 mA from 2V and features a 
controlled linear ramp to minimize crosstalk and ringing on 
the bus. | 

A separate high level contro! voltage (Vx) is provided to pre- | 
vent the A side output high level from exceeding future high 
density processor supply voltage levels. For 5V systems, Vx 
is tied to Voc. 


Features 

Mil-Std-883C qualified 

Similar to BTL 

Low power Icoc, = 41 MA max 

B output controlled ramp rate 

B input noise immunity, typically 4 ns 

Available in 28-pin DIP, Flatpak and CLCC 

Pin and function compatible with Signetics 54F776 


Pin Configuration 


N 
E 
Cc 


Lan) Lu 
oe «= oOo > i4 


28 CLCC 


13.14 15 16 





oOo Mm x«K 
<<«> 


OEB1 


OEBO 


Logic Symbol 


3.5 6 7 9 10 12 13 










| AO Al A2 A3 A4 AS AG AT 


OEA 
LE 


BO Bi B2 B3 B4 BS B6 B7 


27 26 24 23 21 20 19 17 
DS010875-3 
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DS26S10 
Quad Bus Transceiver 


General Description 


The DS26S10 is a quad Bus Transceiver consisting of 4 high 
speed bus drivers with open-collector outputs capable of 
sinking 100 mA at 0.8V and 4 high speed bus receivers. 
Each driver output is connected internally to the high speed 
bus receiver in addition to being connected to the package 
pin. The receiver has a Schottky TTL output capable of driv- 
ing 10 Schottky TTL unit loads. 


An active low enable gate controls the 4 drivers so that out- 
puts of different device drivers can be connected together for 
party-line operation. 

The bus output high-drive capability in the low state allows 
party-line operation with a line impedance as low as 100Q. 
The line can be terminated at both ends, and still give con- 
siderable noise margin at the receiver. The receiver typical 
switching point is 2V. 


Logic Diagrams 





The DS26S10 features advanced Schottky processing to 
minimize propagation delay. The device package also has 2 
ground pins to improve ground current handling and allow 
close decoupling between Voc and ground at the package. 
Both GND 1 and GND 2 should be tied to the ground bus ex- 
ternal to the device package. 


Features 

@ Input to bus is inverting on DS26S10 

™ Quad high speed open-collector bus transceivers 
m@ Driver outputs can sink 100 mA at 0.8V maximum 
m™ Advanced Schottky processing 

m= PNP inputs to reduce input loading 


DS2610 


E Ip ly 


Z0 21 
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Z3 
DS005802-1 
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DS1487 


| AM vationat Semiconductor 


Low Power RS-485 % Unit Load Multipoint Transceiver 


General Description 


The DS1487 is a low-power transceiver for RS-485 and 
RS-422 communication. The device contains one driver and 
one receiver. The drivers slew rate allows for operation up to 
2.0 Mbps (see Applications Information section). The trans- 
ceiver presents 1% unit loading to the RS-485 bus allowing up 
to 128 nodes to be connected together without the use of re- 
peaters. 


The transceiver draws 200 UA of supply current when un- 
loaded or fully loaded with the driver disabled and operates 
from a single +5V supply. 


The driver is short-circuit current limited and is protected 
against excessive power dissipation by thermal shutdown 
circuitry that places the driver outputs into TRI-STATE® 
(High Impedance state) under fault conditions. The driver 
guarantees a minimum of 1.5V differential output voltage 
with maximum loading across the common mode range 
(Vopa)- 

The receiver has a failsafe feature that guarantees a 
logic-high output if the input is open circuit. 


| The DS1487 is available in surface mount and DIP pack- 
— ages. 


Connection and Logic Diagram 


DIP and SOIC 





DS012920-1 


“Note: Non Terminated, Open Input only 


Order Number Temp. Range 


Package/### 


DS1487N 0°C to +70°C DIP/NO8E 
DS1487M 0°C to +70°C SOP/M08A 
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Features 
= Meets TIA/EIA RS-485 multipoint standard 
m Allows up to 128 transceivers on the bus (% U.L.) 
m Guaranteed full load output voltage (Vops) 
m@ Low quiescent current: 200 yA typ 
m —7V to +12V common-mode input voltage range 
= TRI-STATE outputs on driver and receiver 
= AC performance: 
— Driver transition time: 25 ns typ 
— Driver propagation delay: 40 ns typ 
— Driver skew: 1 ns typ 
— Receiver propagation delay: 200 ns typ 
— Receiver skew: 20 ns typ 
m@ Half-duplex flow through pinout 
Operates from a single 5V supply 
= Current-limiting and thermal shutdown for driver 
overload protection 
m Pin and functional compatible with MAX1487 


Truth Table 


DRIVER SECTION 


RE 
(Note 1) 


X H | H H L 
X H L L H 
X L X Z Z 


RECEIVER SECTION 


RE 
(Note 1) 
L 


>+0.2V 
<-0.2V 
X 
OPEN (Note 1) 





X = indeterminate 
Z = TRI-STATE 
Note 1: Non Terminated, Open Input only 
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DS16F95, DS36F95 
EIA-485/ElIA-422A Differential Bus Transceiver 


General Description The DS16F95/DS36F95 can be used in transmission line 


ae applications employing the DS96F172 and the DS96F174 
The DS16F95/DS36F95 Differential Bus Transceiver is a quad differential line drivers and the DS96F173 and 


monolithic integrated circuit designed for bidirectional data pso6F175 quad differential line receivers. 
communication on balanced multipoint bus transmission 
lines. The transceiver meets both EIA-485 and EIA-422A 
standards. 


The DS16F95/DS36F95 offers improved performance due to 
the use of L-FAST bipolar technology. The L-FAST technol- 
ogy allows for higher speeds and lower currents by minimiz- Designed for multipoint transmission 

ing gate delay times. Thus, the DS16F95 and DS36F95 con- Wide positive and negative input/output bus voltage 
sume less power, and feature an extended temperature ranges 

range as well as improved specifications. Thermal shutdown protection 


The DS16F95/DS36F95 combines a TRI-STATE® differen- Driver positive and negative current-limiting 
tial line driver and a differential input line receiver, both of High impedance receiver input 

which operate from a single 5.0V power supply. The driver Receiver input hysteresis of 50 mV typical 
and receiver have an active Enable that can be externally Operates from single 5.0V supply 
Soe tee ante Treaster Reduced power consumption 

nally connected to form differential input/output (I/O) bus Bu compatible with Do2e22 ane SNe ON 
ports that are designed to offer minimum loading to the bus Military temperature range available 
whenever the driver is disabled or when Vcc = OV. These Qualified for MIL-STD 883C 

ports feature wide positive and negative common mode volt- Standard Military Drawings (SMD) available 

age ranges, making the device suitable for multipoint appli- = Available in DIP (J), SOIC (M), LCC (E), and Flatpak 
cations in noisy environments. (W) packages 


The driver is designed to accommodate loads of up to 60 mA 
of sink or source current and features positive and negative 
current limiting in addition to thermal shutdown for protection 
from line fault conditions. 


G6A9ESC ‘S6A91SC 


Features 
m@ Meets EIA-485 and EIA-422A 
Meets SCSI-1 (5 MHZ) specifications 





Logic Diagram Function Tables 


Driver 


Driver Input | Enable | 





b 


GND Voc RO RE ODE OI 


DS009629-20 Receiver 





H = High Level 

L = Low Level 

X = Immaterial 

Z = High Impedance (Off) 
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AY national Semiconductor 


DS36276 


FAILSAFE Multipoint Transceiver 


General Description 


The DS36276 FAILSAFE Multipoint Transceiver is designed 
for use on bi-directional differential busses. It is compatible 
with existing TIA/EIA-485 transceivers, however, it offers an 
additional feature not supported by standard transceivers. 


The FAILSAFE feature guarantees the receiver output to a 
known state when the Interface is in the following conditions: 
Floating Line, Idle Line (no active drivers), and Line Fault 
conditions (open or short). The receiver output is in a HIGH 
state for the following conditions: OPEN Inputs, Terminated 
Inputs (500), and SHORTED Inputs. 


FAILSAFE is a highly desirable feature when the transceiv- 
ers are used with Asynchronous Controllers such as UARTs. 


Connection and 
Logic Diagram 


Voc 
DO/RI 
DO/RI 


GND 





DS011383-1 


Order Number DS36276M 
See NS Package Number MO8A 
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Features 


m FAILSAFE receiver, RO = HIGH for: 
— OPEN inputs 
— Terminated inputs 
— SHORTED inputs 
= Compatible with popular interface standards: 
— TIA/EIA-485 (RS-485) 
— TIA/EIA-422-A (RS-422-A) 
— CCITT Recommendation V.11 
m Bi-Directional Transceiver 
— Designed for multipoint transmission 
= Separate driver input, driver enable, receiver enable, 
and receiver output for maximum flexibility 
m Wide bus common mode range 
— (-7V to +12V) 
m@ Pin compatible with: DS75176B, DS96176, DS3695 and 
SN75176A and B 
m Available in SOIC package 


Driver 


[Outputs 
_ oe [i | bom oo rai 
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Dominant Mode Multipoint Transceiver 


General Description 


The DS36277 Dominant Mode Multipoint Transceiver is de- 
signed for use on bi-directional differential busses. It is opti- 
mal for use on Interfaces that utilize Society of Automotive 
Engineers (SAE) J1708 Electrical Standard. 


The device is similar to standard TIA/EIA-485 transceivers, 
but differs in enabling scheme. The Driver's Input is normally 
externally tied LOW, thus providing only two states: Active 
(LOW), or Disabled (OFF). When the driver is active, the 
dominant mode is LOW, conversely, when the driver is dis- 
abled, the bus is pulled HIGH by external bias resistors. 


The receiver provides a FAILSAFE feature that guarantees a 
known output state when the Interface is in the following con- 
ditions: Floating Line, Idle Line (no active drivers), and Line 
Fault Conditions (open or short). The receiver output is 
HIGH for the following conditions: Open Inputs, Terminated 
| Inputs (50Q), or Shorted Inputs. FAILSAFE is a highly desir- 

able feature when the transceivers are used with Asynchro- 
nous Controllers such as UARTs. 


Connection and Logic Diagram 


Voc 
DO/RI 
DO/RI 


GND 





DS011384-1 


Order Number DS36277TM or DS36277TN 
See NS Package Number MO8A or NO8E 


Features 
m FAILSAFE receiver, RO = HIGH for: 
— OPEN inputs 
—- Terminated inputs 
— SHORTED inputs 
= Optimal for use in SAE J1708 Interfaces 
= Compatible with popular interface standards: 
— TIA/EIA-485 and TIA/EIA-422-A 
— CCITT recommendation V.11 
m Bi-directional transceiver 
— Designed for multipoint transmission 
m Wide bus common mode range 
— (-7V to +12V) 
m Available in plastic DIP and SOIC packages 


Driver 


Outputs 


DO/RI 


DO /RI 


DO/RI-DO /RI 
>O0mvV 
< —500 mV 





Receiver 


SHORTED 
OPEN 
X 
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DS3695/DS3695T/DS3696/DS3697 
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DS3695/DS3695T/DS3696/DS3697 
Multipoint RS485/RS422 Transceivers/Repeaters 


General Description 


The DS3695, DS3696, and DS3697 are high speed differen- 
tial TRI-STATE® bus/line transceivers/repeaters designed to 
meet the requirements of EIA standard RS485 with extended 
common mode range (+12V to —7V), for multipoint data 
transmission. 


The driver and receiver outputs feature TRI-STATE capabil- 
ity. The driver outputs remain in TRI-STATE over the entire 
common mode range of +12V to -7V. Bus faults that cause 
excessive power dissipation within the device trigger a ther- 
mal shutdown circuit, which forces the driver outputs into the 
high impedance state. The DS3696 provides an output pin 
TS (thermal shutdown) which reports the occurrence of the 
thermal shutdown of the device. This is an “open collector’ 
pin with an internal 10 kQ pull-up resistor. This allows the line 
fault outputs of several devices to be wire OR-ed. 


_ Both AC and DC specifications are guaranteed over the 0°C 


to 70°C temperature and 4.75V to 5.25V supply voltage 
range. 


Connection and Logic Diagrams 


DS010408-1 


RI 
a } aus IN 
RI 


| BUS OUT 





DS010408-13 


Top View 


Features 

= Meets EIA standard RS485 for multipoint bus 
transmission and is compatible with RS-422 

= 15 ns driver propagation delays with 2 ns skew (typical) 

m Single +5V supply 

-~7V to +12V bus common mode range permits +7V 

ground difference between devices on the bus 

Thermal shutdown protection 

High impedance to bus with driver in TRI-STATE or with 

power off, over the entire common mode range allows 

the unused devices on the bus to be powered down 

m Combined impedance of a driver output and receiver 
input is less than one RS485 unit load, allowing up to 32 
transceivers on the bus 

= 70 mV typical receiver hysteresis 


RO 
RE/DE om BUS 
TS DO/RI 


DI 





DS010408-12 


Top View 


Order Number DS3695N, DS3695TN, 
DS3696N, or DS3697N 
See NS Package Number NO8E 


Note 1: TS pin was LF (Line Fault) in previous datasheets and reports the occurrence of a thermal shutdown of the device. 
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DS36950 
Quad Differential Bus Transceiver 


General Description connection to a parallel databus. The fourth transceiver, with 
j the flexibility provided by its individual enables, can serve as 
The DS36950 is a low power, space-saving quad EIA-485 —g control bus transceiver. 


differential bus transceiver especially suited for high speed, 
arallel, multipoint, computer I/O bus applications. A com- 
et 20-pin ie ai PLCC sence provides high Features 
transceiver integration and a very small PC board footprint. | ™ Pinout for IPI interface 
Timing uncertainty across an interface using multiple de- | Compact 20-pin PLCC package 
vices, a typical problem in a parallel interface, is | ™ Meets EIA-485 standard for multipoint bus transmission 
specified— minimum and maximum propagation delay times ™ Greater than 60 mA source/sink 
are guaranteed. # Thermal Shutdown Protection 


Six devices can implement a complete IPI master or slave in- 
terface. Three transceivers in a package are pinned out for 


Pinout and Logic Diagram 





REC (1) 














et (3) OA1 (20) 
oe FE =< mo OB1 (19) 
A A |x oO AO 
TREES DE1 (2) 
3 2 1 20 
DR2 [4 18LJ OA2 
DE2 C55 17L.] OB2 OA2 (18) 
DR2 (4) 
DE3 [6 DS36950 16F) Voc OB2 (17) 
DR3 C47 15CJOA3 © DE2 (5) 
DR4 C48 14] 0B3 
9 10 11 12 13 
PE Ey Gd dL 
OA3 (15 
= {a aa DR3 (7) OB3 ae 
Alf © 0 OO 
DS010602-1 DE3 (6) 
Order Number DS36950 
See NS Package Number V20A 
OA4 (13) 
DR4 (8) OB4 (12) 


DE4 (9) 





RE4 (10) 
DS010602-2 
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Quad Differential Bus Transceiver . 


General Description 


The DS36954 is a low power, quad EIA-485 differential bus 
transceiver especially suited for high speed, parallel, multi- 
point, I/O bus applications. A compact 20-pin surface mount 
PLCC or SOIC package provides high transceiver integra- 
tion and a very small PC board footprint. 


Propagation delay skew between devices is specified to aid 
in parallel interface designs —limits on maximum and mini- 
mum delay times are guaranteed. 

Five devices can implement a complete SCSI initiator or tar- 
get interface. Three transceivers in a package are pinned out 
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Order Number DS36954V 
See NS Package Number V20A 
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Order Number DS36954M 
See NS Package Number M20B 
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for data bus connections. The fourth transceiver, with the 
flexibility provided by its individual enables, can serve as a 
control bus transceiver. 


Features | | 

= Pinout for SCSI interface 

= Compact 20-pin PLCC or SOIC package 

m Meets EIA-485 standard for multipoint bus transmission 
m Greater than 60 mA source/sink currents 

= Thermal shutdown protection 

= Glitch-free driver outputs on power up and down 


Logic Diagrams 
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DS3695A/DS3695AT/DS3696A 


National Semiconductor 


Multipoint RS485/RS422 Transceivers 


General Description 


The DS3695A and DS3696A are high speed differential 
TRI-STATE® bus/line transceivers designed to meet the re- 
quirements of EIA standard RS485 with extended common 
mode range (+12V to -7V), for multipoint data transmission. 
In addition they are compatible with requirements of RS-422. 


The driver and receiver outputs feature TRI-STATE capabil- 
ity. The driver outputs remain in TRI-STATE over the entire 
common mode range of +12V to —7V. Bus faults that cause 
excessive power dissipation within the device trigger a ther- 
mal shutdown circuit, which forces the driver outputs into the 
high impedance state. The DS3696A provides an output pin 
(TS) which reports the thermal shutdown of the device. TS is 
an “open collector’ pin with an internal 10 kQ pull-up resistor. 
This allows the TS outputs of several devices to be wire 
OR-ed. 


Both AC and DC specifications are guaranteed over the 0°C 
to 70°C temperature and 4.75V to 5.25V supply voltage 
range. 


Connection and Logic Diagram 


Features 


Meets EIA standard RS485 for multipoint bus 
transmission and is compatible with RS-422 


10 ns driver propagation delays (typical) 
Single +5V supply 


-7V to +12V bus common mode range permits +7V 
ground difference between devices on the bus 


Thermal shutdown protection 


High impedance to bus with driver in TRI-STATE or with 
power off, over the entire common mode range allows 
the unused devices on the bus to be powered down 
Combined impedance of a driver output and receiver 
input is less than one RS485 unit load, allowing up to 32 


transceivers on the bus 
70 mV typical receiver hysteresis 
Available in SOIC packaging 


Molded Package, Small Outline (M) 
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TS was LF (Line Fault) on previous datasheets, TS goes low upon thermal shutdown. 
Top View 


Order Number DS3695AM, DS3695ATM or DS3696AM 
See NS Package Number MO8A 
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~DS36C278 





DS36C278 


~General Description 


The DS36C278 is a low power differential bus/line trans- 
ceiver designed to meet the requirements of RS-485 stan- 
dard for multipoint data transmission. In addition it is compat- 
ible with TIA/EIA-422-B. 


The CMOS design offers significant power savings over its 
bipolar and ALS counterparts without sacrificing ruggedness 
against ESD damage. The device is ideal for use in battery 
powered or power conscious applications. Iog is specified at 
500 yA maximum. 


The driver and receiver outputs feature TRI-STATE® capabil- 
ity. The driver outputs operate over the entire common mode 


~ range of —7V to +12V. Bus contention or fault situations that 


cause excessive power dissipation within the device are 


| handled by a thermal shutdown circuit, which forces the 


driver outputs into the high impedance state. 
The receiver incorporates a fail safe circuit which guarantees 


_ a high output state when the inputs are left open. (Note 1) 
The DS36C278T is fully specified over the industrial tem- 


perature range (—40°C to +85°C). 


Connection and Logic Diagram 
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Order Number DS36C278TM, DS36C278TN, 
DS36C278M, DS36C278N 
See NS Package Number MO8A or NO8E 
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A Nationa Semiconductor 


Low Power Multipoint EIA-RS-485 Transceiver 


Features 


100% RS-485 compliant 

— Guaranteed RS-485 device interoperation 
Low power CMOS design: 
Built-in power up/down glitch-free circuitry 


loc 500 WA max 


—— Permits live transceiver insertion/displacement 


DIP and SOIC packages available 
Industrial temperature range: 
On-board thermal shutdown circuitry 


~40°C to +85°C 


— Prevents damage to the device in the event of 


excessive power dissipation 


Wide common mode range: -7V to +12V 


Receiver open input fail-safe (Note 1) 


WY unit load (DS36C278): 2128 nodes 
Ye unit load (DS386C278T): 264 nodes 
ESD (human body model): 22 kV 


Drop in replacement for: 
— LTC485, MAX485, DS75176, DS3695 


DRIVER SECTION 
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X 
X 
X 


RECEIVER SECTION 


2+0.2V 
<-0.2V 
X 
OPEN (Note 1) 


Note 1: Non-terminated, open input only 
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DS36C279 


National Semiconductor 


MO’] 6Z2D9€Sd 


Low Power EIA-RS-485 Transceiver with Sleep Mode 


General Description 


The DS36C279 is a low power differential bus/line trans- 
ceiver designed to meet the requirements of RS-485 Stan- 
dard for multipoint data transmission. In addition it is compat- 
ible with TIA/EIA-422-B. 


The sleep mode feature automatically puts the device in a 
power saving mode when both the driver and receiver are 
disabled.+? The device is ideal for use in power conscious 
applications where the device may be disabled for extended 
periods of time. 

The driver and receiver outputs feature TRI-STATE® capabil- 
ity. The driver outputs operate over the entire common mode 
range of -7V to +12V. Bus contention or fault situations that 
cause excessive power dissipation within the device are 
handled by a thermal shutdown circuit, which forces the 
driver outputs into a high impedance state. 

The receiver incorporates a fail safe circuit which guarantees 
a high output state when the inputs are left open.t 

The DS36C279T is fully specified over the industrial tem- 
perature range (—40°C to +85'C). 


Connection and Logic Diagram 
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Order Number DS36C279M, DS36C279TM 
See NS Package Number MO8A 
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Features 





Note 1: 


100% RS-485 compliant 

— Guaranteed RS-485 device interoperation 

Low power CMOS design: Ioc 500 HA max 

Automatic sensing sleep mode 

— Reduces Igo to 10 yA maximum 

Built-in power up/down glitch-free circuitry 

— Permits live transceiver intersection/displacement 

SOIC packages 

Industrial temperature range: -40°C to +85°C 

On-board thermal shutdown circuitry 

— Prevents damage to the device in the event of 
excessive power dissipation 

Wide common mode range: —-7V to +12V 

Receive open input fail-safe (Note 1) 

Y unit load (DS36C279): = 128 nodes 

unit load (DS36C279T): = 64 nodes 

ESD (Human Body Model): 2 2 kV 

Drop-in replacement for: 

— LTC485 MAX485 DS75176 DS3695 





DRIVER SECTION 


>+0.2V 
<-0.2V 
Xx 
OPEN (Note 1) 


Non-terminated, open input only 


Note 2: Device enters sleep mode if enable conditions are held 600 ns 
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~DS36C280 


AY national Semiconductor 


DS36C280 


Slew Rate Controlled CMOS EIA-RS-485 Transceiver 


General Description 


The DS36C280 is a low power differential bus/line trans- 
ceiver designed to meet the requirements of RS-485 Stan- 
dard for multipoint data transmission. In addition, it is com- 
patible with TIA/EIA-422-B. 


The slew rate control feature allows the user to set the driver 
rise and fall times by using an external resistor. Controlled 
edge rates can reduce switching EMI. 


The CMOS design offers significant power savings over its 
bipolar and ALS counterparts without sacrificing ruggedness 
against ESD damage. The device is ideal for use in battery 
powered or power conscious eee as loc is specified at 
500 yA maximum. 


The driver and receiver outputs feature TRI-STATE® capabil- 
ity. The driver outputs operate over the entire common mode 
range of -—7V to +12V. Bus contention or fault situations are 
handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. 


_ The receiver incorporates a fail safe circuit which guarantees 


a high output state when the inputs are left open (Note 1) . 


Connection and Logic Diagram 
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Order Number DS36C280M, DS36C280TM 
See NS Package Number M08A 
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Features 
= 100% RS-485 compliant 
— Guaranteed RS-485 device interoperation 
m= Low power CMOS design: Io, 500 yA max 
m= Adjustable slew rate control 
— Minimizes EMI affects | 
® Built-in power up/down glitch-free circuitry 
— Permits live transceiver insertion/displacement 
SOIC packages 
Industrial temperature range: -40°C to +85°C 
On-board thermal shutdown circuitry 
— Prevents damage to the device in the event of 
excessive power dissipation 
Wide common mode range: —-7V to +12V 
Receiver open input fail-safe (Note 1) 
VY unit load (DS36C280): 2128 nodes 
Y unit load (DS36C280T): 264 nodes 
ESD (human body model): 22 kV 


DRIVER SECTION 


bene” [or | borni [orm 


RECEIVER SECTION 
2+0.2V 
<-0.2V 
X 
OPEN (Note 1) 


Note 1: Non-terminated, Open Inputs only 
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DS481 


National Semiconductor 


Low Power RS-485/RS-422 Multipoint Transceiver with 


Sleep Mode 


General Description 


The DS481 is a low-power transceiver for RS-485 and 
RS-422 communication. The device contains one driver and 
one receiver. The drivers slew rate allows for operation up to 
2.0 Mbps (see Applications Information section). 


The transceiver draws 200 pA of supply current when un- 
loaded or 0.2 yA when in the automatic sleep mode. Sleep 
mode is activated by inactivity on the enables (DE and RE 
(Note 1)). Holding DE =L and RE (Note 1)=H for greater than 
600 ns will enable the sleep mode. The DS481 operates 
from a single +5V supply. 


. The driver is short-circuit current limited and is protected 
against excessive power dissipation by thermal shutdown 
circuitry that places the driver outputs into TRI-STATE® 
(High Impedance state) under fault conditions. The driver 
guarantees a minimum of 1.5V differential output voltage 
with maximum loading across the common mode range 
(Vops): 


The receiver has a failsafe feature that guarantees a 
logic-high output if the input is open circuit. 

The DS481 is available in a surface mount package and is 
characterized for Industrial temperature range operation. 


Connection and Logic Diagram 





DS012919-1 


*Note: Non Terminated, Open Input only 


Order Number _ Temp. Range Package/### 
DS481TM —40°C to +85°C SOP/M08A 
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Features 

Meets TIA/EIA RS-485 multipoint standard 
Sleep mode reduces lIccg to 0.2 WA 
Guaranteed full load output voltage (V ops) 
Low quiescent current: 200 UA typ 


‘TRI-STATE outputs on driver and receiver 
AC performance: 

— Driver transition time: 25 ns typ 

— Driver propagation delay: 40 ns typ 
— Driver skew: 1 ns typ 


-7V to +12V common-mode input voltage range 


— Receiver propagation delay: 200 ns typ 


— Receiver skew: 20 ns typ 
Half-duplex flow through pinout 
Operates from a single 5V supply 
Allows up to 64 tranceivers on the bus 


overload protection 
industrial temperature range operation 


MAX481E 


Truth Table 


DRIVER 7 = 


— SECTION 


Pa a ana a 


2+0.2V 
<-0.2V 
XxX 
OPEN (Note 1) 





X = indeterminate 
Z = TRI-STATE 
Note 1: Non Terminated, Open Input only 


Current-limiting and thermal shutdown for driver 


Pin and functional compatible with MAX481C and 


Z (Note 2) 


H 
ist 

Z (Note 2) 
H 


Note 2: Device enters sleep mode if enable conditions are held > 600 ns, 


DE = L and RE (Note 1) = H. 
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DS485 


AY national Semiconductor 


DS485 


Low Power RS-485/RS-422 Multipoint Transceiver 


General Description 


The DS485 is a low-power transceiver for RS-485 and 
RS-422 communication. The device contains one driver and 
one receiver. The drivers slew rate allows for operation up to 
2.5 Mbps (see Applications Information section). 


The transceiver draws 200 pA of supply current when un- 
loaded or fully loaded with the driver disabled and operates 
from a single +5V supply. 

The driver is short-circuit current limited and is protected 
against excessive power dissipation by thermal shutdown 
circuitry that places the driver outputs into TRI-STATE® 
(High Impedance state) under fault conditions. The driver 
guarantees a minimum of 1.5V differential output voltage 
with maximum loading across the common mode range 
(Vops): 

The receiver has a failsafe feature that guarantees a 
logic-high output if the input is open circuit. | 
The DS485 is available in surface mount and DIP packages 
and is characterized for Industrial and Commercial tempera- 
ture range operation. 


Connection and Logic Diagram 


DIP and SOIC 
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Order Number Temp. Range Package/### 






DS485N 0°C to +70°C DIP/NO8E 
DS485M 0°C to +70°C SOP/MO08A 






DS485TN -40°C to +85°C DIP/NO8E 
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DS485TM -—40°C to +85°C SOP/MO8A | 





Features 
@ Meets TIA/EIA RS-485 multipoint standard 
m= Guaranteed full load output voltage (V ops) 
m Low quiescent current: 200 yA typ 
@ —7V to +12V common-mode input voltage range 
m= TRI-STATE outputs on driver and receiver 
m= AC performance: 
— Driver transition time: 25 ns typ 
— Driver propagation delay: 40 ns typ 
— Driver skew: 1 ns typ 
— Receiver propagation delay: 200 ns typ 
— Receiver skew: 20 ns typ 
@ Half-duplex flow through pinout 
m= Operates from a single 5V supply 
= Allows up to 32 transceivers on the bus 
@ Current-limiting and thermal shutdown for driver 
overload protection 
™ Industrial temperature range operation 
m Pin and functional compatible with MAX485 and LTC485 


DRIVER SECTION 





*Note: Non Terminated, Open Input only 
X = indeterminate 
Z = TRI-STATE 
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DS75176B/DS75176BT 


Multipoint RS-485/RS-422 Transceivers 


Features 
= Meets EIA standard RS485 for multipoint bus 
transmission and is compatible with RS-422. 
Smail Outline (SO) Package option available for 


General Description 


The DS75176B is a high speed differential TRI-STATE® 
bus/line transceiver designed to meet the requirements of 
EIA standard RS485 with extended common mode range 
(+12V to -7V), for multipoint data transmission. In addition, it 
is compatible with RS-422. 


The driver and receiver outputs feature TRI-STATE capabil- 
ity, for the driver outputs over the entire common mode 
range of +12V to —7V. Bus contention or fault situations that 
cause excessive power dissipation within the device are 
handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. 


DC specifications are guaranteed over the 0 to 70°C tem- 
perature and 4.75V to 5.25V supply voltage range. 


Connection and Logic Diagram 


minimum board space. 
22 ns driver propagation delays. 
Single +5V supply. 


-7V to +12V bus common mode range permits +7V 
ground difference between devices on the bus. 


Thermal shutdown protection. 


High impedance to bus with driver in TRI-STATE or with 
power off, over the entire common mode range allows 
the unused devices on the bus to be powered down. 

Pin out compatible with DS3695/A and SN75176A/B. 
Combined impedance of a driver output and receiver 
input is less than one RS485 unit load, allowing up to 32 


transceivers on the bus. 
70 mV typical receiver hysteresis. 





DS008759-1 


Top View 
Order Number DS75176BN, DS75176BTN, DS75176BM or DS75176BTM 
See NS Package Number NO8E or MO8A 
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‘DS96172/DS96174 


“mance. The 


AY national Semiconductor 


-D$96172/DS96174 





RS-485/RS-422 Quad Differential Line Drivers - 


General Description 


The DS96172 and DS96174 are high speed quad differential 
line drivers designed to meet EIA Standard RS-485. The de- 
vices have TRI-STATE® outputs and are optimized for bal- 
anced multipoint data bus transmission at rates up to 
10 Mbps. The drivers have wide positive and negative com- 
mon mode range for multipoint applications in noisy environ- 
ments. Positive and negative current-limiting is provided 
which protects the drivers from line fault conditions over a 
+12V to -7.0V common mode range. A thermal shutdown 


| feature is also provided and occurs at junction temperature 


of approximately 160°C. The DS96172 features an active 
high and active low Enable, common to all four drivers. The 
DS96174 features separate active high Enables for each 
driver pair. Compatible RS-485 receivers, transceivers, and 
repeaters. are also offered to provide optimum bus perfor- 
respective device types are DS96173, 
DS96175, DS96176 AND DS96177. 


Connection Diagrams 


16-Lead DIP 
DS96172 





DS009626-1 


Top View 


Features 

m@ Meets EIA Standard RS-485 aid RS-422A © 

= Monotonic differential output switching 

m Transmission rate to 10 Mbs 

m TRI-STATE outputs 

m™ Designed for multipoint bus transmission 

= Common mode output voltage range: -7V to +12V — 

= Operates from single +5V supply 

m Thermal shutdown protection 

m DS96172/DS96174 are lead and function compatible 
with the SN75172/75174 or the AM26LS31/MC3487 
respectively 


16-Lead DIP 
DS96174 





DS009626-2 


Top View 


Order Number DS96172CN or DS96174CN 
See NS Package Number N16E 
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DS96173/DS96175 
RS-485/RS-422 Quad Differential Line Receivers 


General Description Features 


The DS96173 and DS96175 are high speed quad differential ™ Meets EIA Standard RS-485, RS-422A, RS-423A 
line receivers designed to meet EIA Standard RS-485. The  # Designed for multipoint bus applications 
devices have TRI-STATE® outputs and are optimized for bai- TRI-STATE Outputs 


anced multipoint data bus transmission at rates up to 10 Common mode input voltage range: -7V to +12V 
Mbps. The receivers feature high input impedance, input Operates from single +5V supply 


hysteresis for increased noise immunity, and input sensitivity Input sensitivity of +200 mV over common mode range 
of 200 mV over a common mode input voltage range of -7V ; 

to +12V. The receivers are therefore suitable for multipoint Input nysteresis of 50 mv typical 

applications in noisy environments. The DS96173 features High input impedance 

an active high and active low Enable, common to all four re- DS96173/DS96175 are lead and function compatible 
ceivers. The DS96175 features separate active high Enables with SN75173/75175 or the AM26LS32/MC3486 

for each receiver pair. Compatible RS-485 drivers, transceiv- respectively 

ers, and repeaters are also offered to provide optimum bus 

performance. The respective device types are DS96172, 

DS96174, DS96176 and DS96177. 


SLL96SC/EZL96SAG 





Connection Diagrams 


16-Lead DIP 16-Lead DIP 
DS96173 DS96175 


2Y 
2A 
2B 
GND 





DS009628-1 DS009628-2 


Order Number DS96173CN or DS96175CN 
See NS Package Number N16E 
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DS96176 





DS96176 


General Description 


The DS96176 Differential Bus Transceiver is a monolithic in- 
tegrated circuit designed for bidirectional data communica- 
tion on balanced multipoint bus transmission lines. The 
transceiver meets EIA Standard RS-485 as well as 
RS-422A. 


The DS96176 combines a TRI-STATE® differential line driver 


and a differential input line receiver, both of which operate 


from a single 5.0V power supply. The driver and receiver 
have an active Enable that can be externally connected to 
function as a direction control. The driver differential outputs 
and the receiver differential inputs are internally connected 
to form differential input/output (I/O) bus ports that are de- 
signed to offer minimum loading to the bus whenever the 
driver is disabled or when Voc = OV. These ports feature 
wide positive and negative common mode voltage ranges, 
making the device suitable for multipoint applications in 
noisy environments. 


The driver is designed to handle loads up to 60 mA of sink or 
source current. The driver features positive and negative 
current-limiting and thermal shutdown for protection from line 
fault conditions. Thermal shutdown is designed to occur at 


_ junction temperature of approximately 160°C. The receiver 


features a typical input impedance of 15 kQ, an input sensi- 
tivity of +200 mV, and a typical input hysteresis of 50 mV. 


Connection Diagram 


8—Lead DIP 


Vee. 


B| in/out 
a{ BUS PORT 


GND 





DS009630-1 


Top View 
Order Number DS96176CN 
See NS Package Number NO8E 


Function Table 


Driver 
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National Semiconductor 


RS-485/RS-422 Differential Bus Transceiver 


The DS96176 can be used in transmission line applications 
employing the DS96172 and the DS96174 quad differential 
line drivers and the DS96173 and DS96175 quad differential 
line receivers. | | 


Features | 

= Bidirectional. transceiver 

m Meets EIA Standard RS-422A and RS-485 
= Designed for multipoint transmission 

m TRI-STATE driver and receiver enables 

m Individual driver and receiver enables 

m™ Wide positive and negative input/output bus voltage 
ranges 

Driver output capability +60 mA Maximum 
Thermal shutdown protection 

Driver positive and Negative current-limiting 
High impedance receiver input 

Receiver input sensitivity of +200 mV 
Receiver input hysteresis of 50 mV typical 
Operates from single 5.0V supply 

Low power requirements 


Receiver 












H = High Level 
L = Low Level 
X = Immaterial 
Z = High Impedance (off) 
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DS96177 


National Semiconductor 


RS-485/RS-422 Differential Bus Repeater 


General Description 


The DS96177 Differential Bus Repeater is a monolithic inte- 
grated device designed for one-way data communication on 
multipoint bus transmission lines. This device is designed for 
balanced transmission bus line applications and meets EIA 
Standard RS-485 and RS-422A. The device is designed to 
improve the performance of the data communication over 
long bus lines. The DS96177 has an active high Enable. 


The DS96177 features positive and negative current limiting 
and TRI-STATE® outputs for the receiver and driver. The re- 
ceiver features high input impedance, input hysteresis for in- 
creased noise immunity, and input sensitivity of 200 mV over 
a common mode input voltage range of -12V to +12V. The 
driver features thermal shutdown for protection from line 
fault conditions. Thermal shutdown is designed to occur at a 
junction temperature of approximately 160°C. The driver is 
designed to drive current loads up to 60 mA maximum. 


The DS96177 is designed for optimum performance when 
used on transmission buses employing the DS96172 and 


Connection Diagram 


8-Lead Dual-In-Line Package 


‘| BUS 
af IN 
Z) Bus 
y J OUT 


DS009644-1 


Voc 
T (RO) 


GND 





Top View 
Order Number DS96177CN 
See NS Package Number NO8E 
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DS96174 differential line drivers, DS96173 and DS96175 
differential line receivers, or DS96176 differential bus trans- 
ceivers. 


Features 

= Meets EIA Standard RS-422A and RS-485 
= Designed for multipoint transmission on long bus lines in 
noisy environments 

TRI-STATE outputs 

Bus voltage range -7.0V to +12V 

Positive and negative current limiting 
Driver output capability +60 mA max 
Driver thermal shutdown protection 
Receiver input high impedance 

Receiver input sensitivity of +200 mV 
Receiver input hysteresis of 50 mV typical 
Operates from single 5.0V supply 

Low power requirements 


Function Table 


Differential Inputs 


Vip 2 0.2V H 
Vip < -0.2V H 


Note: T is an output pin only, monitoring the BUS (RO). 
H = High Level 
L = Low Level 
X = Immaterial 





Z = High Impedance (off) 


www.national.com 


ZL196SQ 


DS96F172M/DS96F174C/DS96F174M 





National Semiconductor 


DS96F172M/DS96F174C/DS96F 174M 
EIA-485/EIA-422 Quad Differential Drivers 


General Description 


The DS96F172 and the DS96F174 are high speed quad dif- 
ferential line drivers designed to meet EIA-485 Standards. 
The DS96F172 and the DS96F174 offer improved perfor- 
mance due to the use of L-FAST bipolar technology. The use 
of LFAST technology allows the DS96F172 and DS96F174 
to operate at higher speeds while minimizing power con- 
sumption. 


The DS96F172 and the DS96F174 have TRI-STATE® out- 


| puts and are optimized for balanced multipoint data bus 


transmission at rates up to 15 Mbps. The drivers have wide 
positive and negative common mode range for multipoint ap- 


- plications in noisy environments. Positive and negative 


current-limiting is provided which protects the drivers from 
line fault conditions over a +12V to -7.0V common mode 
range. A thermal shutdown feature is also provided. The 
DS96F172 features an active high and active low Enable, 
common to all four drivers. The DS96F174 features separate 
active high Enables for each driver pair. 


Logic Diagrams 


DS96F172 


ENABLE ENABLE 


1A 2A 





GND Ver 1Y 1Z  -2Y 22. BY 3Z~—AY «AZ 
DS009625-14 
DS96F174 
E1,2 1A 2A 3A 4A E3, 4 
1Y 1Z 2Y 22 3Y 32 4Y 4Z 


DS009625-15 


Function Tables (Each Driver) 


DS96F172 

[Enable [Outputs 
Te]. e ) vy] 2 
ST ce Te 


X L 
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Features | 

m Meets EIA-485 and EIA-422 standards 

= Monotonic differential output switching : : 

@ TRI-STATE outputs 

m Designed for multipoint bus transmission 

= Common mode output voltage range: -7.0V to +12V 
= Operates from single +5.0V supply 

m™ Reduced power consumption 

m= Thermal shutdown protection 

DS96F172 and DS96F174 are lead and function 
compatible with the SN75172/174 or the 
AM26LS31/MC3487 . 

Military temperature range available 

Qualified for MIL-STD-883C 

Standard military drawings available (SMD) 
Available in DIP (J), LCC (E), and Flatpak (W) packages 





H = High Level 

L = Low Level 

X = Don’t Care 

Z = High Impedance (Off) 
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DS96F173M/DS96F175C/DS96F175M 
EIA-485/EIA-422 Quad Differential Receivers 


General Description 


The DS96F173 and the DS96F175 are high speed quad dif- 
ferential line receivers designed to meet the EIA-485 stan- 
dard. The DS96F173 and the DS96F 175 offer improved per- 
formance due to the use of L-FAST bipolar technology. The 
use of LFAST technology allows the DS96F173 and 
DS96F175 to operate at higher speeds while minimizing 
power consumption. 


The DS96F173 and the DS96F175 have TRI-STATE® out- 
puts and are optimized for balanced multipoint data bus 
transmission at rates up to 15 Mbps. The receivers feature 
high input impedance, input hysteresis for increased noise 
immunity, and input sensitivity of 200 mV over a common 
mode input voltage range of -7V to +12V. The receivers are 
therefore suitable for multipoint applications in noisy environ- 
ments. The DS96F173 features an active high and active 
low Enable, common to all four receivers. The DS96F175 
features separate active high Enables for each receiver pair. 


Logic Diagrams 


ENABLE ENABLE 1A 1B 2A 2B 3A 3B 4A 4B 
e 0 000000 00 





DS009627-11 
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Features 

Meets EIA-485, EIA-422A, EIA-423A standards 
Designed for multipoint bus applications 

TRI-STATE outputs 

Common mode input voltage range: -7V to +12V 
Operates from single +5.0V supply 

Reduced power consumption (log = 50 mA max) 

Input sensitivity of +200 mV over common mode range 
Input hysteresis of 50 mV typical 

High input impedance 

Military temperature range available 

Qualified for MIL STD 883C 

Available to standard military drawings (SMD) 
Available in DIP(J), LCC(E), and FlatPak (W) packages 
DS96F173 and DS96F175 are lead and function 
compatible with SN75173/175 or the 
AM26LS32/MC3486 


Function Tables 


(Each Receiver) DS96F173 


Differential Inputs Enable 
B 






mi 


i Output 
A- Y 
Vip 2 0.2V H 
Vip < -0.2V 


H = High Level 

L = Low Level 

Z = High Impedance (off) 
X = Don’t Care 






x I;x x 
x<|m XK 
roP 


<i) 
a 





(Each Receiver) DS96F175 
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Interface-LVDS Line Drivers and Receivers Selection Guide 


AY vationat Semiconductor 


Interface-LVDS Line Drivers and Receivers Selection 


Guide 
Tx | Rx |_—_—sTempRange —s{_—Base PartNumber _—|_—Page No. 
0 1 9-10 
0 Se ee 9-27 
0 9-14 
0 4A Tt soca 9-21 
0 9-21 
0 a es eee eee ee ee 9-20 
0 [4 ttn i s90Lv032A 9-23 
0 9-25 
1 Po CT om Ti sgvotz 9-8 
1 9-11 
2 Pp ot scoot 9-26 
2 fo Tom ti s90L 027 9-12 
2 9-28 
4 Pon soc 9-16 
4 po Mites | 0C0s1E 9-16 
4 Po Tl 9001 9-19 
4 Pott i s90tvosta 9-18 
4 Po tnt 90K V047A 9-24 


Temperature ranges: 
Com = Commercial 0°C to +70°C 
Ind = Industrial -40°C to +85°C 
Mil-883 = Military 883 Qual —55°C to +125°C Check WEB Site availability and options 
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Channel Link Selection Guide 
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Datasheets 
Part Data Number of Page 
Number Receiver Bits Number 
+3.3V/112 MHz Family 
DS90CR483 Transmitter 9-50 
DS90CR484 $50 
+3.3V/75 MHz Family 
DS90CR287 46 
DS80CRA86 0-46 
DS90GRA17 6-85 
DS90GR@16 o-85 
+3.3V/66 MHz Family 
DS900R285 43 
DSB0CR286 


9-43 
DS90CRZAEA = Q- 
pS90CR2%6 0% 
ps90cR2%6 0-5 
DSSOCRZI6A = 
+5V/66 MHz Family 
ps90cR2e4 = 
ps90cR2%3 o 
s90cR2%4 01 
+5V/40 MHz Family 
ps90cRZa1 os 
S90CR282 0-6 
pss0cR2%2 0-26 
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Channel Link Selection Guide 


Datasheets (Continued) 
Application Notes 


AN-XXXX 
AN-971 
AN-1035 
AN-1041 
AN-1059 
‘AN-1084 


Channel-Link Evaluation Boards 


Title 


~ An Overview of LVDS Technology 


PCB Design Guidelines for LVDS Technology 
Channel Link Introduction 

High Speed Transmission with LVDS Devices 
Parallel Application of High Speed Link 


Evaluation boards are available for a nominal charge that demonstrate the basic operation of the Channel-Link chipsets. The 
evaluation boards can be ordered through National’s distributors and come assembled with a transmitter board, receiver board, 


ribbon cable, and instructions. 


ORDER NUMBERS 
CLINK5V21BT-66 
CLINK3V21BT-66 
CLINK5V28BT-66 
CLINK38V28BT-66 


www.national.com 


DESCRIPTION 
5V, 21 bit device, 20-66MHz operation 
3.3V, 21 bit device, 20-66MHz operation 
5V, 28 bit device, 20-66MHz operation 
3.3V, 28 bit device, 20-66MHz operation 





A vational Semiconductor 


Bus LVDS Selection ue: 


} Bus LVDS Transceiver and Repeater Products 










apiny uoNse18S SGAT sng 





Part No Temperature Data Rate # of # of Page No 
" Range (Mbps) Drivers RECs 9 ; 
Repeater 
Transceiver 
Bus LVDS Serializer/Deserializer Products 
Part No. Temperature Data Rate Page No. 


Range (Mbps) 


DS92LV1021 | Serializer -40°Cto+85°C | 400 | 10 | 16-40 9-57 
pseaivi2i0 acto ase | 400 | 10—*+| tema o-67 


Deserializer 
DS92LV1212 (Random -—40°C to +85°C 10 16-40 3.3V 9-60 
Lock) 
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DS90LV017 


AY national Semiconductor 


DS90LV017 


LVDS Single High Sia Differential Driver 


General Description 


The DS90LV017 is a single LVDS driver device optimized for 
high data rate and low power applications. The DS90LV017 
is a current mode driver allowing power dissipation to remain 
low even at high frequency. In addition, the short circuit fault 
current is also minimized. The device is in a 8-lead small 
Outline Package. The DS90LV017 has a flow-through de- 
sign for easy PCB layout. The differential driver outputs pro- 
vides low EMI with its low output swings typically 340 mV. 


Connection Diagram 


Features 

w Ultra Low Power Dissipation 

m= Operating Range above 155 Mbps 

= Flow-through pinout simplifies PCB layout 

= Conforms to TIA/EIA-644 Standard 

m 8-Lead SOIC Package Saves Space 

® Vom +1V center around 1.2V 

m= Low Differential Output Swing Typical 340 mV 

= Power Off Protection (outputs in high impedance) 


Dual-in-Line 


Voc 
Dit 


NC 
GND 





DS012900-1 


Order Number DS90LV017M 
See NS Package Number M08A 


Functional Diagram 


DI 1 
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DO+ 1 


DO- 1 


DS012900-2 
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DS90LV017A 


LVDS Single High Speed Differential Driver 


General Description 


The DS90LV017A is a single LVDS driver device optimized 
for high data rate and low power applications. The 
DS90LV017A is a current mode driver allowing power dissi- 
pation to remain low even at high frequency. In addition, the 
short circuit fault current is also minimized. The device is de- 
signed to support data rates in excess of 600Mbps 
(300MHZ) utilizing Low Voltage Differential Signaling (LVDS) 
technology. 

The device is in a 8-lead small outline package. The 
DS90LV017A has a flow-through design for easy PCB lay- 
out. The differential driver outputs provides low EMI with its 
typical low output swing of 355 mV. The DS90LV017A can be 
paired with its companion single line receiver, the 
DS90LV018A, or with any of National’s LVDS receivers, to 
provide a high-speed point-to-point LVDS interface. 


Connection Diagram 


Features 


>600 Mbps (800 MHz) switching rates 


0.3 ns typical differential skew 
0.7 ns maximum differential skew 


1.5 ns maximum propagation delay 


3.3V power supply design 
+355 mV differential signaling 


Low power dissipation (23 mW @ 3.8V static) 


Flow-through design simplifies PCB layout 


Interoperable with existing 5V LVDS devices 
Power Off Protection (outputs in high impedance) 


Conforms to TIA/EIA-644 Standard 
8-Lead SOIC package saves space 
Industrial temperature operating range 


(-40°C to +85°C) 


Dual-in-Line 
ay, 

Veo “41 8 F— DO1- 
Di1 42 7 F— DO1+ 
NC —43 6 F— NC 

GND — 4 5 f— NC 


DS100101-1 


Order Number DS90LV017ATM 
See NS Package Number M08A 


Functional Diagram 


Di 1 


DO+ 1 


DO- 1 


DS100101-2 
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DS90LV018A 
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DS9OLV018A 


3V LVDS Single CMOS Differential Line Receiver —— 


Features 


! General Description 


The DS90LV018A is a single CMOS differential line receiver 
designed for applications requiring ultra low power dissipa- 
tion, low noise and high data rates. The device is designed to 
support data rates in excess of 400 Mbps (200 MHz) utilizing 


| Low Voltage Differential Signaling (LVDS) technology. 


The DS90LV018A accepts low voltage (350 mV typical) dif- 
ferential input signals and transtates them to 3V CMOS out- 
put levels. The receiver also supports open, shorted and ter- 
minated (100Q) input fail-safe. The receiver output will be 
HIGH for ali fail-safe conditions. The DS9OLV018A has a 
flow-through design for easy PCB layout. 


The DS90LV018A and companion LVDS line driver provide a 
new alternative to high power PECL/ECL devices for high 


| speed point-to-point interface applications. 


Connection Diagram 
Dual-in-Line 


Riy ta 
Rin it 
NC 
NC 





DS100078-1 


Order Number DS90LV018ATM 
See NS Package Number MO8A 
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>400 Mbps (200 MHZ) switching rates 

50 ps differential skew (typical) 

2.5 ns maximum propagation delay 

3.3V power supply design 

Flow-through pinout 

Power down high impedance on LVDS inputs 
Low Power design (18mW @ 3.3V static) 


Interoperable with existing 5V LVDS networks 


Accepts small swing (350 mV typical) differential signal 
levels 
Supports open, short and terminated input fail-safe 


‘Conforms to ANSI/TIA/EIA-644 Standard 


Industrial temperature operating range 
(-40°C to +85°C) a 
Available in SOIC package 


Functional Diagram 


9-10 


Role 
iN 

Rout | 
Riy t= 


DS100078-2 


INPUTS OUTPUT 
[Rint] — [Rin-] Rout 
P Vpzoiv | H 


H 
L 
Full Fail-safe =| 








OPEN/SHORT 
or Terminated 
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DS90LV019 
3.3V or 5V LVDS Driver/Receiver 


General Description Features 

LVDS Signaling 

3.3V or 5.0V operation 

Low power CMOS design 

Balanced Output Impedance 

Glitch free power up/down (Driver disabled) 
High Signaling Rate Capacity (above 100 Mbps) 
Ultra Low Power Dissipation 

+1V Common-Mode Range 

+100 mV Receiver Sensitivity 

Product offered in SOIC and TSSOP packages 
Flow-Through Pin Out 

Industrial Temperature Range Operation 


The DS90LV019 is a Driver/Receiver designed specifically 
for the high speed low power point-to-point interconnect ap- 
plications. The device operates from a single 3.3V or 5.0V 
power supply and includes one differential line driver and 
one receiver. The DS90LV019 features an independent 
driver and receiver with TTL/CMOS compatibility (Di, and 
Rout). The logic interface provides maximum flexibility as 4 
separate lines are provided (D,,y, DE, RE, and Royr). The 
device also features a flow-through pin out which allows 
easy PCB routing for short stubs between its pins and the 
connector. The driver has 3.5 mA output loop current. 


The driver translates between TTL levels (single-ended) to 
Low Voltage Differential Signaling levels. This allows for high 
speed operation, while consuming minimal power with re- 
duced EMI. In addition, the differential signaling provides 
common-mode noise rejection. 


The receiver threshold is +100 mV over a +1V common- 
mode range and translates the low swing differential levels 
to standard (TTL/CMOS) levels. 


Connection Diagram 


DS90LVO19 11 


10 
9 
8 





DS100053-1 


Order Number DS90LV019TM or DS90LV019TMTC 
See NS Package Number M14A or MTC14 


Block Diagram 





a 
DS100053-2 
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DS9S0LV027 
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LVDS Dual High Speed Differential Driver 


General Description 


Features 


The DS90LV027 is a dual LVDS driver device optimized for = Ultra Low Power Dissipation 

high data rate and low power applications. The DS9O0LV027 += ™ Operating Range above 155 Mbps 

is a current mode driver allowing power dissipation to remain m= Flow-through pinout simplifies PCB layout 
low even at high frequency. In addition, the short circuit fault gm Conforms to TIA/EIA-644 Standard 
current is also minimized. The device is in a 8-lead small = 8.1 ead SOIC Package Saves Space 


- Outline Package. The DS90LV027 has a flow-through de- 
sign for easy PCB layout. The differential driver outputs pro- 
vides low EMI with its low output swings typically 340 mV. 


@ Voy +1V center around 1.2V 
m Low Differential Output Swing Typical 340 mV 


Perfect for high speed transfer of clock and data. Pair with | Power Off Protection (outputs in high impedance) 


any of National’s LVDS receivers. 


Connection Diagram 


Functional Diagram 
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Dual-in-Line 
ay, 
Voce “41 8f— DO- 1 
Di1 —42 7} DO+ 1 
DI2 —43 6 F— DO+ 2 
GND —44 5} DO- 2 


DS100029-1 


Order Number DS90LV027M 
See NS Package Number MO8A 


DO+ 1 


DO- 1 


DS100029-2 


DO+ 2 
DI 2 
e DO- 2 


DS100029-3 
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LVDS Dual High Speed Differential Driver 


General Description 


The DS90LV027A is a dual LVDS driver device optimized for 
high data rate and low power applications. The device is de- 
signed to support data rates in excess of 600Mbps 
(300MHZ) utilizing Low Voltage Differential Signaling (LVDS) 
technology. The DS90LV027A is a current mode driver allow- 
ing power dissipation to remain low even at high frequency. 
In addition, the short circuit fault current is also minimized. 


The device is in a 8-lead small outline package. The 
DS90LV027A has a flow-through design for easy PCB lay- 
out. The differential driver outputs provides low EMI with its 
typical low output swing of 360 mV. It is perfect for high 
speed transfer of clock and data. The DS90LV027A can be 
paired with its companion dual line receiver, the 
DS90LV028A, or with any of National’s LVDS receivers, to 
provide a high-speed point-to-point LVDS interface. 


Connection Diagram 


Features 

m™ >600 Mbps (S800MHz) switching rates 

m 0.3 ns typical differential skew 

= 0.7 ns maximum differential skew 

= 1.5 ns maximum propagation delay 

@ 3.3V power supply design 

mw +360 mV differential signaling 

m Low power dissipation (46 mW @ 3.3V static) 
m™ Flow-through design simplifies PCB layout 

m Interoperable with existing 5V LVDS devices 
m Power Off Protection (outputs in high impedance) 
m™ Conforms to TIA/EIA-644 Standard 

m 8-Lead SOIC package saves space 

= Industrial temperature operating range 
(-40°C to +85°C) 


Dual-in-Line 
ay, 
Veo “41 8 DO- 1 
DI 1 2 7 DO+ 1 
D2 —43 6 DO+ 2 
GND 414 5 DO- 2 
DS100114-1 


Order Number DS90LV027ATM 
See NS Package Number M0O8A 


Functional Diagram 


DI 1 


DI 2 
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DO+ 1 


DO- 1 


DS100114-2 


DO+ 2 


DO=2 


DS100114-3 
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DS90LV028A 
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DS9SO0LV028A a 
3V LVDS Dual CMOS Differential Line Receiver 


General Description Features 


The DS90LV028A is a dual CMOS differential line receiver ™ >400 Mbps (200 MHz) switching rates 
designed for applications requiring ultra low power dissipa- 50 ps differential skew (typical) 

tion, low noise and high data rates. The device is designed to 0.1 ns channel-to-channel skew (typical) 
support data rates in excess of 400 Mbps (200 MHz) utilizing 2.5 ns maximum propagation delay 

Low Voltage Differential Signaling (LVDS) technology. 3.3V power supply design 


The DS9OLV028A accepts low voltage (350 mV typical) dif- Flow-through pinout 

ferential input signals and translates them to 3V CMOS out- Power down high impedance on LVDS inputs 

put levels. The receiver also supports open, shorted and ter- Low Power design (1 8mW @ 3.3V static) | 

minated (100Q) input fail-safe. The receiver output will be ‘ dee 

HIGH for all fail-safe conditions. The DS9OLVO28Ahas a__‘™ !Nteroperable with existing 5V LVDS networks = 

flow-through design for easy PCB layout. ens small swing (350 mV typical) differential signal 
evels 


he DS90LV028A and companion LVDS line dri i 
The DS90LV028A and companion LVDS line driver providea = Supports open, short and terminated input fail-safe 


new alternative to high power PECL/ECL devices for high 
speed point-to-point interface applications. _ ™ Conforms to ANSI/TIA/EIA-644 Standard 


= Industrial temperature operating range 
(-40°C to +85°C) 
m@ Available in SOIC package 


Connection Diagram Functional Diagram 
Dual-in-Line 
Rin 1- 
ay, Rout! 
Rin {- 1 8 Vec Rin 1+ 
Ry ity 2 7 Rous! 
Ry2t—3 6 F— Roys2 
Riy 27 4 5 GND Ry 2- 
DS100077-1 Rout 2 
Rin 2+ 
Order Number DS90LV028ATM 


DS100077-2 


See NS Package Number M08A 


INPUTS | OUTPUT 
[Rivt] = [Rin-] 
Vip $ -0.1V 




















Full Fail-safe 
OPEN/SHORT 
or Terminated 
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LVDS Quad CMOS Differential Line Driver 


Features 


General Description 


The DS90C031B is a quad CMOS differential line driver de- 
signed for applications requiring ultra low power dissipation 
and high data rates. The device is designed to support data 
rates in excess of 155.5 Mbps (77.7 MHz) utilizing Low Volt- 
age Differential Signaling (LVDS) technology. 


The DS90C031B accepts TTL/CMOS input levels and trans- 
lates them to low voltage (850 mV) differential output sig- 
nals. In addition the driver supports a TRI-STATE® function 
that may be used to disable the output stage, disabling the 
load current, and thus dropping the device to an ultra low idle 
power state of 11 mW typical. 

In addition, the DS90C031B provides power-off high imped- 
ance LVDS outputs. This feature assures minimal loading ef- 
fect on the LVDS bus lines when V¢¢q is not present. 

The DS90C031B and companion line receiver (DS90C032B) 
provide a new alternative to high power pseudo-ECL devices 
for high speed point-to-point interface applications. 


Connection Diagram 


Dual-In-Line 


on Oo Ok WwW hb 





DS100989-1 


Order Number 
DS90C031BTM, 
or DS90C031BTWM 
See NS Package Number 
M16A or M16B 


Driver Truth Table 


All other combinations 
of ENABLE inputs 


>155.5 Mbps (77.7 MHz) switching rates 

High impedance LVDS outputs with power-off 
+350 mV differential signaling 

Ultra low power dissipation 

400 ps maximum differential skew (5V, 25°C) 
3.5 ns maximum propagation delay 

Industrial operating temperature range 

Pin compatible with DS26C31, MB571 (PECL) and 
41LG (PECL) 

Conforms to ANSI/TIA/EIA-644 LVDS standard 
Offered in narrow and wide body SOIC package 
Fail-safe logic for floating inputs 


Functional Diagram 


Douti+ 
Dnt 
Doutt1- 


Dout2+ 
Dino 
Dout2- 


DouT3+ 
Din 
Dout3- 


Dout4+ 
Ding 
Dout4- 





DS100989-2 
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DS90C031 


General Description 


The DS90C031 is a quad CMOS differential line driver de- 
signed for applications requiring ultra low power dissipation 
and high data rates. The device is designed to support data 
rates in excess of 155.5 Mbps (77.7 MHz) utilizing Low Volt- 
age Differential Signaling (LVDS) technology. 


The DS90C031 accepts TTL/CMOS input levels and trans-: 


lates them to low voltage (850 mV) differential output sig- 
nals. In addition the driver supports a TRI-STATE® function 
that may be used to disable the output stage, disabling the 
load current, and thus dropping the device to an ultra low idle 
power state of 11 mW typical. 


The DS90C031 and companion line receiver (DS90C032) 
provide a new alternative to high power psuedo-ECL devices 
for high speed point-to-point interface applications. 


Connection Diagrams 


Dual-In-Line 


1 

2 
3 
4 
5 
6 
7 
8 





DS011946-1 


Order Number DS90C031TM 
See NS Package Number M16A 
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LVDS Quad CMOS Differential Line Driver 


Features 

m >155.5 Mbps (77.7 MHz) switching rates 

@ +350 mV differential signaling 

= Ultra low power dissipation 

= 400 ps maximum differential skew (5V, 25°C) 

m 3.5 ns maximum propagation delay 

m Industrial operating temperature range 

m= Military operating temperature range option 

m Available in surface mount packaging (SOIC) and (LCC) 
m= Pin compatible with DS26C31, MB571 (PECL) and 
41LG (PECL) 

Compatible with IEEE 1596.3 SCI LVDS standard 
Conforms to ANSI/TIA/EIA-644 LVDS standard 


Available to Standard Microcircuit Drawing (SMD) | 
5962-95833 vs 


LCC Package 


D D 
0 0 
UU 
T T 
22 
+ 
[hed 


DIN2 [9] DOUT1+ 
GND [2] DIN1 
NC [11] [i] Nc 
DIN3 Voc 
DOUT3+ [rg] DIN4 





runcon i]s 
-zm [al 
oz f} 
| 
1aacoo 
| 
+reriacoo fg 


DS011946-33 


Order Number DS90C031E-QML 
See NS Package Number E20A 
For Complete Military Specifications, 
refer to appropriate SMD or MDS. 
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Functional Diagram 


DRIVER 


Enables 


All other combinations 





Dout1+ 

Din 
Dout1- 
Dout2+ 

Dina 
Dout2- 
Dout3+ 

Din3 
Dout3- 
Dout4+ 

Ong 
Dout4- 

EN 

EN* | 

DS011946-2 





of ENABLE inputs 
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AY vationat Semiconductor 


DSSOLVO031A | 
3V LVDS Quad CMOS Differential Line Driver 


General Description Features 


The DS90LV031A is a quad CMOS differential line driverde- |" >400 Mbps (200 MHz) switching rates 

signed for applications requiring ultra low power dissipation m™ 0.1.ns typical differential skew 

and high data rates. The device is designed to support data m= 0.4 ns maximum differential skew 

rates in excess of 400 Mbps (200 MHz) utilizing Low Voltage ™ 2.0 ns maximum propagation delay 

Differential Signaling (LVDS) technology. B 3.3V power supply design 

The DS90LV031A accepts low voltage TTL/CMOS input lev- = +350 mv differential signaling 

els and translates them to low voltage (350 mV) differential Low power dissipation (13mW at 3.3V static) 
ure ep id In cee scree ais a TRI-STATE® " interoperable with existing 5V LVDS devices 
uncon at may pe eed to disable te ouput Slade: J a -Compatibia with IEEE 1606 6°SCl LVDS standard 


abling the load current, and thus dropping the device to an 
ultra low idle power state of 13 mW typical. _™ Compatible with TIA/EIA-644 LVDS standard 


The EN and EN* inputs allow active Low or active High con- . Industr ial and Military operating temperature range 

trol of the TRI-STATE outputs. The enables are common to ™ Available in SOIC, TSSOP and Cerpack surface mount 
all four drivers. The DS90LV031A and companion line re- packaging 

ceiver (DS9OLV032A) provide a new alternative to high #@ Standard Microcircuit Drawing (SMD) 5962-9865201 
power psuedo-ECL devices for high speed point-to-point in- i" 
terface applications. 


Connection Diagram -. Funetional Diagram 


Dual-in-Line 


Dour t+ 
Dina 

Dour - 
Voc 


Ding 
D Dout2+ 
OUT4+ Ding 


Dout2- 
Dout4- 


EN* 
Dour3- DouT3+ 
Dout3+ 


Din3 


Ding 
Dout3- 


aon Oo oO eRe HH UT 





D 
DS100095-1 OUTA+ 


Order Number DS90LV031ATM 
or DS90LV031ATMTC 
or DS90LV031 AW 
See NS Package Number M16A or MTC16 or W16A EN* 


Ding 
Dour4- 





DS100095-2 


Truth Table 


DRIVER 


All other combinations of 
ENABLE inputs 
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DS90LV031B 


3V LVDS Quad CMOS Differential Line Driver 


General Description 


The DS90LV031B is a quad CMOS differential line driver de- 
signed for applications requiring ultra low power dissipation 
and high data rates. The device is designed to support data 
rates in excess of 400 Mbps (200 MHz) utilizing Low Voltage 
Differential Signaling (LVDS) technology. 


The DS90LV031B accepts low voltage TTL/CMOS input lev- 
els and translates them to low voltage (350 mV) differential 
output signals. In addition the driver supports a TRI-STATE® 
function that may be used to disable the output stage, dis- 
abling the load current, and thus dropping the device to an 
ultra low idle power state of 13 mW typical. The 
DS90LV031B is enhanced over the DS90LV031A in that the 
inputs are further ruggedized for excessive undershoot. 


The EN and EN” inputs allow active Low or active High con- 
trol of the TRI-STATE outputs. The enables are common to 
all four drivers. The DS90LV031B and companion line re- 
ceiver (DS9OLV032A) provide a new aiternative to high 
power pseudo-ECL devices for high speed point-to-point in- 
terface applications. 


Connection Diagram 





Dual-in-Line 

Dn 7! Vee 

Douti+ ] 2 Ding 
DouT1- “] 9 Dout4+ 

* 

Dout2- 7} EN 

Dout2+ 1 6 Dout3- 
Din2 7 Dout3+ 

GND ==4 8 Divs 
DS101311-1 


Order Number DS90LV031BTM 
or DS9OLV031BTMTC 
See NS Package Number M16A or MTC16 


Truth Table 


DRIVER 


Features 


>400 Mbps (200 MHz) switching rates 

0.1 ns typical differential skew 

0.4 ns maximum differential skew 

2.0 ns maximum propagation delay 

Ruggedized inputs that can withstand excessive 
undershoot 

3.3V power supply design 

+350 mV differential signaling 

Low power dissipation (183mW at 3.3V static) 
Interoperable with existing 5V LVDS devices 
Compatible with IEEE 1596.3 SCI LVDS standard 
Compatible with TIA/EIA-644 LVDS standard 
Industrial temperature operating range 

Available in SOIC and TSSOP surface mount packaging 


Functional Diagram 





Doytt+ 

Din 
Dout1- 
Dout2+ 

De 
Dout2~ 
Doyt3+ 

D3 
Doyt3- 
DouTa+ 

Ding 
Doyt4~ 

EN 

EN* 
DS101311-2 


[Enables | Input [Outputs 
eras Bae | a 
a Ses ee a Oe 


All other combinations of 
ENABLE inputs 
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DS90C032B 


National Semiconductor 


LVDS Quad CMOS Differential Line Receiver 


General Description 


| The DS90C032B is a quad CMOS differential line receiver 


designed for applications requiring ultra low power dissipa- 
tion and high data rates. The device is designed to support 
_ data rates in excess of 155.5 Mbps (77.7 MHz) utilizing Low 
Voltage Differential Signaling (LVDS) technology. 
The DS90C032B accepts low voltage (350 mV) differential 
input signals and translates them to CMOS (TTL compatible) 
output levels. The receiver supports a TRI-STATE® function 
that may be used to multiplex outputs. The receiver also sup- 


| ports OPEN and terminated (10092) input Fail-safe. Receiver 


output will be HIGH for both Fail-safe conditions. 

The DS90C032B provides power-off high impedance LVDS 
inputs. This feature assures minimal loading effect on the 
LVDS bus lines when V¢¢ is not present. 

The DS90C032B and companion line driver (DS90C031B) 
provide a new alternative to high power pseudo-ECL devices 
for high speed point-to-point interface applications. 


Connection Diagram 


Dual-In-Line 


on Oo RF WN = 





DS100990-1 


Order Number 
DS90C032BTM 
See NS Package 
Number M16A 


Receiver Truth Table 
ENABLES 


Features 

m >155.5 Mbps (77.7 MHz) switching rates 

m Accepts small swing (350 mV) differential signal levels 
High impedance LVDS inputs with power down 
Ultra low power dissipation 

600 ps maximum differential skew (5V, 25°C) 

6.0 ns maximum propagation delay 

Industrial operating temperature range 

Available in surface mount packaging (SOIC) 

Pin compatible with DS26C32A, MB570 (PECL) and 
41LF (PECL) | 

m Supports OPEN and terminated input fail-safe 

= Conforms to ANSI/TIA/EIA-644 LVDS standard 


Functional Diagram 


RIN1+ 
Routt 
RNt- 


RIN2+ 
Rout2 
Rina- 


RIN3+ 
Rout3 
RIN3-. 


Rin4+ 
Routa 
RN4- 





DS100990-2 


INPUTS O 


All other combinations 
of ENABLE inputs 





Fail-safe OPEN 
or Terminated 


www.national.com 


National Semiconductor 


DS90C032 


LVDS Quad CMOS Differential Line Receiver 


General Description 


The DS90C032 is a quad CMOS differential line receiver de- 
signed for applications requiring ultra low power dissipation 
and high data rates. The device is designed to support data 
rates in excess of 155.5 Mbps (77.7 MHz) utilizing Low Volt- 
age Differential Signaling (LVDS) technology. 

The DS90C032 accepts low voltage (350 mV) differential in- 
put signals and translates them to CMOS (TTL compatible) 
output levels. The receiver supports a TRI-STATE® function 
that may be used to multiplex outputs. The receiver also sup- 
ports OPEN, shorted and terminated (100Q) input Fail-safe. 
Receiver output will be HIGH for all fail-safe conditions. 
The DS90C032 and companion line driver (DS90C031) pro- 
vide a new alternative to high power psuedo-ECL devices for 
high speed point-to-point interface applications. 


Connection Diagrams 


Dual-In-Line 


| 

2 
3 
4 
5 
6 
7 
8 





DS011945-1 


Order Number 
DS90C032TM 
See NS Package Number M16A 


Features 

>155.5 Mbps (77.7 MHz) switching rates 

Accepts small swing (850 mV) differential signal levels 
Ultra low power dissipation 

600 ps maximum differential skew (5V, 25°C) 

6.0 ns maximum propagation delay 

Industrial operating temperature range 

Military operating temperature range option 

Available in surface mount packaging (SOIC) and (LCC) 
Pin compatible with DS26C32A, MB570 (PECL) and 
41LF (PECL) 





= Supports OPEN, short and terminated input fail-safe 
= Compatible with IEEE 1596.3 SCI LVDS standard 
= Conforms to ANSI/TIA/EIA-644 LVDS standard 
m@ Available to Standard Microcircuit Drawing (SMD) 
5962-95834 
LCC Package 
RR R 
1 0 0 
N U U 
27 N E T 
+ 2 C N 1 
[6] 
ft het he | 
RIN2- [3] RIN 1+ 
GND RIN1- 
NC NC 
RIN3- Veo 
RIN3+ RIN4— 
a8 88 
R EN RR 
ON CO | 
yu * UN 
T T 4 
3 4 + 


DS011945-20 


Order Number 
DS90C032E-QML 
See NS Package Number E20A 
For complete Military Specifications, 
refer to appropriate SMD or MDS. 
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Functional Diagram and Truth Table 


Rint+ 
Routi 
Rint- 


RiIn2+ 
Rout2 
Rin2- 


RIN3+ 
Rout3 
RiIn3- 


Rin4at 
Rout4 
RIN4- 


EN 
EN* 





DS011945-2 


RECEIVER 


ENABLES INPUTS OUTPUT 
OX 
All other combinations Vip 2 0.1V 


of ENABLE inputs Vip < -0.1V 


Full Fail-safe 
OPEN/SHORT 


or Terminated 
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DS9O0LV032A 
3V LVDS Quad CMOS Differential Line Receiver 


General Description Features 








The DS90LV032A is a quad CMOS differential line receiver ™ >400 Mbps (200 MHz) switching rates 

designed for applications requiring ultra low power dissipa- ™ 0.1 ns channel-to-channel skew (typical) 

tion and high data rates. The device is designed to support _m™ 0.1 ns differential skew (typical) 

data rates in excess of 400 Mbps (200 MHz) utilizing Low =m 3.3 ns maximum propagation delay 

Voltage Differential Signaling (LVDS) technology. m 3.3V power supply design 

ferential input signals and translates them to 3V CMOS out- sg | ow Power design (40mW 3.3V static) 

put levels. The receiver supports a TRI-STATE® function that | ; ae 

may be used to multiplex outputs. The receiver also supports . nabs ie aor oo 
open, shorted and terminated (100Q) input Fail-safe. The re- = Accepts small swing ( mM rypical) 
ceiver output will be HIGH for all fail-safe conditions. = Supports open, short and terminated input fail-safe 
The DS9OLV032A and companion LVDS line driver (eg. . Compatible with ANSHT IAVEIA-644 : ; 
DS90LV031A) provide a new alternative to high power © Industrial temp. operating range (-40 C to +85°C) 
PECL/ECL devices for high speed point-to-point interface  ™ Available in SOIC and TSSOP Packaging 
applications. 

Connection Diagram Functional Diagram 


Dual-in-Line 


RiINd+ 
Routt 
Rint- 


RiIn2+ 
Rout2 
Rin2- 


RINS+ 
Rout3 
RIN3- 


oN OD Oo FP WwW PP 





DS100067-1 


Order Number DSSOLV032ATM 
or DSSOLVO32ATMTC 
See NS Package Number M16A or MTC16 


RiIN4+ 
Rout4 
Rina- 7 


EN 
EN* 





_DS100067-2 


ENABLES INPUTS OUTPUT 
PEN | EN | Rime Re | Rour 
All other combinations Vip 2 0.1V 


of ENABLE inputs Vin $ -0.1V 


Full Fail-safe 
OPEN/SHORT 
or Terminated 
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DSS90LV047A 


AD rational Semiconductor 


DS90LV047A 


3V LVDS Quad CMOS Differential Line Driver 


General Description 


The DS90LV047A is a quad CMOS flow-through differential 
line driver designed for applications requiring ultra low power 
dissipation and high data rates. The device is designed to 
support data rates in excess of 400 Mbps (200 MHz) utilizing 
Low Voltage Differential Signaling (LVDS) technology. 


The DS90LV047A accepts low voltage TTL/CMOS input lev- 
els and translates them to low voitage (350 mV) differential 
output signals. In addition, the driver supports a TRI-STATE® 
function that may be used to disable the output stage, dis- 
abling the load current, and thus dropping the device to an 
ultra low idle power state of 13 mW @ typical. The 
DS90LV047A has a flow-through pinout for easy PCB layout. 


The EN and EN* inputs are ANDed together and control the 
TRI-STATE outputs. The enables are common to all four 
drivers. The DS90LV047A and companion line receiver 
(DS9OLV048A) provide a new alternative to high power 
psuedo-ECL devices for high speed point-to-point interface 
applications. 


Connection Diagram 


Dual-in-Line 
Ding | 2 Dout1+ 
Dino > Dout2+ 
Voc “4 4 Dout2- 
GND 5 Doyt3- 
Din3 76 DoutT3+ 
Ding 7 DouT4+ 
EN" = 8 Dout4- 





DS100887-1 


Order Number DS90LV047ATM, DS90LV047ATMTC 
See NS Package Number M16A, MTC16 


Truth Table 
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ENABLES INPUT OUTPUTS 
PEN EN hw | ours | Dour 


H L or Open 


All other combinations of ENABLE inputs 


Features 

m= >400 Mbps (200 MHz) switching rates 

m= Flow-through pinout simplifies PCB layout 

300 ps typical differential skew 

400 ps maximum differential skew 

1.7 ns maximum propagation delay 

3.3V power supply design 

+350 mV differential signaling 

Low power dissipation (13mW at 3.3V static) 
Interoperable with existing 5V LVDS receivers 
High impedance on LVDS outputs on power down 
Conforms to TIA/EIA-644 LVDS Standard 

= Industrial operating temperature range (-40°C to +85°C) 


m Available in surface mount (SOIC) and low profile 
TSSOP package 


Functional Diagram 


Douti+ 
Din 
Dout1- 


Dout2+ 
Dina 
Dout2- 


Dout3+ 
Ding 
Dout3- 


Dout4+ 
Dina 
Dout4- 





DS100887-2 
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DS9O0LV048A 


AY vationat Semiconductor 


3V LVDS Quad CMOS Differential Line Receiver 


General Description 


The DS90LV048A is a quad CMOS flow-through differential 
line receiver designed for applications requiring ultra low 
power dissipation and high data rates. The device is de- 
signed to support data rates in excess of 400 Mbps (200 
MHz) utilizing Low Voltage Differential Signaling (LVDS) 
technology. 


The DS9O0LV048A accepts low voltage (350 mV typical) dif- 
ferential input signals and translates them to 3V CMOS out- 
put levels. The receiver supports a TRI-STATE® function that 
may be used to multiplex outputs. The receiver also supports 
open, shorted and terminated (100Q) input fail-safe. The re- 
ceiver output will be HIGH for all fail-safe conditions. The 
DS90LV048A has a flow-through pinout for easy PCB layout. 
The EN and EN* inputs are ANDed together and control the 
TRI-STATE outputs. The enables are common to all four re- 
ceivers. The DS9OLV048A and companion LVDS line driver 
(eg. DS9OLV047A) provide a new alternative to high power 
PECL/ECL devices for high speed point-to-point interface 
applications. 


Connection Diagram 


Dual-in-Line 


Rint - 
RING+ 
RIN2+ 
RIN2- 
RiIN3- 
RIN3+ 
RINA+ 


oN Oo Oe WH NSU 


Rina- 





DS100888-1 


Order Number DS90LV048ATM, DSSOLVO48ATMTC 
See NS Package Number M16A, MTC16 


ENABLES 


L or Open 





All other combinations of ENABLE inputs 


Features 


>400 Mbps (200 MHz) switching rates 

Flow-through pinout simplifies PCB layout 

150 ps channel-to-channel skew (typical) 

100 ps differential skew (typical) 

2.7 ns maximum propagation delay 

3.3V power supply design 

High impedance LVDS inputs on power down 

Low Power design (40mW 3.3V static) 

Interoperable with existing 5V LVDS drivers 

Accepts smail swing (350 mV typical) differential signal 
levels . 

Supports open, short and terminated input fail-safe 
Conforms to ANSI/TIA/EIA-644 Standard 

Industrial temperature operating range (-40°C to +85°C) 
Available in SOIC and TSSOP package 


Functional Diagram 
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Routt 


Rout2 


Rout3 


Routa 





DS100888-2 


INPUTS OUTPUT 
Vio 2 0.V 


Full Fail-safe 
OPEN/SHORT 
or Terminated 


a 
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DS90C401 


AY vationat Semiconductor 


DS90C401 


Dual Low Voltage Differential Signaling (LVDS) Driver 


1.0 General Description 


The DS90C401 is a dual driver device optimized for high 
data rate and low power applications. This device along with 
the DS90C402 provides a pair chip solution for a dual high 
speed point-to-point interface. The DS90C401 is a current 
mode driver allowing power dissipation to remain low even at 
high frequency. In addition, the short circuit fault current is 
also minimized. The device is in a 8 lead:small outline pack- 
age. The differential driver outputs provides low EMI with its 


| low output swings upicaly 340 mV. 


3.0 Connection Diagram 


' DOI 
DO 1+ 
Dit 


Fr WwW npND = 


2.0 Features 


Ultra low power dissipation 

Operates above 155.5 Mbps 

Standard TIA/EIA-644 

8 Lead SOIC Package saves space 

Low Differential Output Swing typical 340 mV 


DI2 
DO2+ 
DO2- 
GND 


an ss @ 


DS100013-1 


Order Number DS90C401M 


4.0 Functional Diagram 


DI4 


DI2 
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See NS Package Number M08A 


DO1+ 


DO1- 


DO2+ 


DO2- 


DS100013-2 


9-26 


AY national Semiconductor 


c0vD06SaG 


DS90C402 
Dual Low Voltage Differential Signaling (LVDS) Receiver 


1.0 General Description 2.0 Features 


The DS90C402 is a dual receiver device optimized for high ™ Ultra Low Power Dissipation 

data rate and low power applications. This device along with Operates above 155.5 Mbps 

the DS90C401 provides a pair chip solution for a dual high m Standard TIA/EIA-644 

speed point-to-point interface. The device is ina PCB space ™ g Lead SOIC Package saves PCB space 
saving 8 lead small outline package. The receiver offers Vom £1V center around 1.2V 

+100 mV threshold sensitivity, in addition to common-mode 


; m +100 mV Receiver Sensitivity 
noise protection. | 


3.0 Connection Diagram 


RO1 2 7 RI2+ 
RI1+ 3 6 RO2 
Rli- 4 5 GND 


DS100006-1 


Order Number DS90C402M 
See NS Package Number MO8A 





4.0 Functional Diagram 


Ri it 
RO 1 
RI 1i- 


RI 2+ 
RO2 
RI 2- 


DS100006-2 
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-DS36C200 


National Semiconductor: 


Dual High Speed Bi-Directional Differential Transceiver 


General Description 


- The DS36C200 is a dual transceiver device optimized for 


high data rate and low power applications. This device pro- 
vides a single chip solution for a dual high speed 
bi-directional interface. Also, both control pins may be routed 
together for single bit control of datastreams. Both control 
pins are adjacent to each other for ease of routing them to- 
gether. The DS36C200 is compatible with IEEE 1394 physi- 


_ cal layer and may be used as an economical solution with 


some considerations. Please reference the application infor- 
mation on 1394 for more information. The device is in a 
14-lead small outline package. The differential driver outputs 
provides low EMI with its low output swings typically 210 mV. 
The receiver offers +100 mV threshold sensitivity, in addition 
to common-mode noise protection. 


Connection Diagram 


DI/RO1 NC 
Voc DO/RI1+ 
DE DO/RI1- 
RE* Do/RI2- 
GND DO/RI2+ 
NC NC 
DI/ROZ NC 





DS012621-1 


Note: * denotes active LOW pin 


Order Number DS36C200M 
See NS Package Number M14A 


Functional Diagram 


DO/RI1+ 
DI/RO1 
DO/RI1- 


DE 


RE* 


DO/RI2+ 
DI/RO2 
DO/RI2- 





DS012621-2 


www.national.com 


Features 

m Optimized for DSS to DVHS interface link 

= Compatible IEEE 1394 signaling voltage levels 
Operates above 100 Mbps 

- Bi-directional transceivers 
14-lead SOIC package 
Ultra low power dissipation 
+100 mV receiver sensitivity 

Low differential output swing typical 210 mV 
High impedance during power off 
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DS90CR211/DS90CR212 
21-Bit Channel Link 


General Description 


The DS90CR211 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS90CR212 receiver converts the 
LVDS data streams back into 21 bits of CMOS/TTL data. At 
a transmit clock frequency of 40 MHz, 21 bits of TTL data are 
transmitted at a rate of 280 Mbps per LVDS data channel. 
Using a 40 MHz clock, the data throughput is 840 
Mbit/s(105 Mbyte/s). 


The multiplexing of the data lines provides a substantial 
cable reduction. Long distance parallel single-ended buses 
typically require a ground wire per active signal (and have 
very limited noise rejection capability). Thus, for a 21-bit wide 
data bus and one clock, up to 44 conductors are required. 
With the Channel Link chipset as few as 9 conductors (3 
data pairs, 1 clock pair and a minimum of one ground) are 


Block Diagrams 


DS90CR211 











DATA (LVDS) 


MV 





cMos/TIL 7! 


On Each LVDS 
INPUTS 


Channel) 


AYN 


TL PARALLEL-TO-LVDS 


eS 


CLOCK (LVDS) 


TRANSMIT CLOCK IN (20 To 40 MHz) 


(20 To 40 MHz) 


L 


POWER DOWN 


E: 


DS012637-27 


Order Number DS90CR211MTD 
See NS Package Number MTD48 
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(140 To 280 Mbit/s 


National Semiconductor 


needed. This provides a 80% reduction in required cable 
width, providing a system cost savings, reduces connector 
physical size, and reduces shielding requirements due to the 
cables smaller form factor. 

The 21 CMOS/TTL inputs can support a variety of signal 
combinations. For example, 5 4-bit nibbles plus 1 control, or 
2 9-bit (byte + parity) and 3 control. 


Features 


Narrow bus reduces cable size and cost 

+1V Common mode range (ground shifting) 

290 mV swing LVDS data transmission 

840 Mbit/s data throughput 

Low swing differential current mode drivers reduce EMI 
Rising edge data strobe | 

Power down mode 

Offered in low profile 48-lead TSSOP package 


DS90CR212 





DATA (LVDS) 






(140 To 280 Mbit/s 21 






7VV 


VDS-TO-PARALLEL TTL 


On Each LVDS CMOS/TTL 
Channel) OUTPUTS 
: e 
ge 
Caries a PLL RECEIVER 
. CLOCK OUT 
POWER DOWN 


DS012637-1 


Order Number DS90CR212MTD 
See NS Package Number MTD48 
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DS90CR211/DS90CR212 


Connection Diagrams 


DS90CR211 


TxCLK OUT- 
TxCLK OUT+ 
LVDS GND 
PLL GND 

PLL Vog 

PLL GND 
PWR DWN 
TxCLK IN 
TxIN20 


WY f) : 

a 

ake 

oO . J 

"7 aa TxOUT 1+ 
rm LVDS V 
= LVDS GND 
ae : TxOUT2- 
a >_| 

QA. 

= 1-2 

fe 


i? 


ms) 
- 
I 
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Typical Application 


TX 


DS9OCR21 1 


TxCLK 
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LVDS Cable 


0 to 10 meters 


(media dependent) 


SHIELD 
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RxOUT17 = 
RxOUT 18 - 


GND 
RxOUT19 


RxCLK IN- 


-RxCLK IN+ 


LVDS GND 
PLL GND 
PLL Voge 
PLL GND 
PWR DWN 

RxCLK OUT 
RxOUTO 





DATA (LVDS) 





DS90CR212 


| 


et 
LVDS-TO-TTL PARALLEL 

Soe eS 

2° 29 

a 4 
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0 

rc 
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-~ 
x 
© 
Cc 
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Ww 
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RX 


DS9NCR212 
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DS90CR213/DS90CR214 


21-Bit Channel Link—66 MHz 


General Description 


The DS90CR213 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel! with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS90CR214 receiver converts the 
LVDS data streams back into 21 bits of CMOS/TTL data. At 
a transmit clock frequency of 66 MHz, 21 bits of TTL data are 
transmitted at a rate of 462 Mbps per LVDS data channel. 
Using a 66 MHz clock, the data throughput is 1.386 Gbit/s 
(173 Mbytes/s). 


The multiplexing of the data lines provides a substantial 
cable reduction. Long distance parallel single-ended buses 
typically require a ground wire per active signal (and have 
very limited noise rejection capability). Thus, for a 21-bit wide 
data and one clock, up to 44 conductors are required. With 
the Channel Link chipset as few as 9 conductors (3 data 
pairs, 1 clock pair and a minimum of one ground) are 
needed. This provides an 80% reduction in required cable 


Block Diagrams 


DS90CR213 







DATA (LVDS) 


Channel) 






a 
5 Pa 
oO 
2 F (140 To 462 Mbit/s 
CMOS/TTL a > On Each LVDS 
INPUTS = — 
< 
[am 
< 
Qa. 
sl 
re 


CLOCK (LVDS) 


TRANSMIT CLOCK IN (20 To 66 MHz) 
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width, which provides a system cost savings, reduces con- 
nector physical size and cost, and reduces shielding require- 
ments due to the cable’s smaller form factor. 

The 21 CMOS/TTL inputs can support a variety of signal 
combinations. For example, 5 4-bit nibbles (byte + parity) or 
2 9-bit (byte + 3 parity) and 1 control. 


Features 

66 MHz Clock Support 

Up to 173 Mbytes/s bandwidth 
Low power CMOS design (<610 mW) 
Power-down mode (<0.5 mW total) 

Up to 1.386 Gbit/s data throughput 
Narrow bus reduces cable size and cost 
290 mV swing LVDS devices for low EMI 
PLL requires no external components 
Low profile 48-lead TSSOP package 
Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS Standard 
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DS90CR215/DS90CR216 


+3.3V Rising Edge Data Strobe LVDS 21-Bit Channel 


Link - 66 MHz 


General Description 


The DS90CR215 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS90CR216 receiver converts the 
LVDS data streams back into 21 bits of CMOS/TTL data. At 
a transmit clock frequency of 66 MHz, 21 bits of TTL data are 
transmitted at a rate of 462 Mbps per LVDS data channel. 
Using a 66 MHz clock, the data throughput is 1.386 Gbit/s 
(173 Mbytes/s). 


The multiplexing of the data lines provides a substantial 
cable reduction. Long distance parallel single-ended buses 
typically require a ground wire per active signal (and have 
very limited noise rejection capability). Thus, for a 21-bit wide 
data and one clock, up to 44 conductors are required. With 
the Channel Link chipset as few as 9 conductors (3 data 
pairs, 1 clock pair and a minimum of one ground) are 
needed. This provides a 80% reduction in required cable 
width, which provides a system cost savings, reduces con- 
nector physical size and cost, and reduces shielding require- 
ments due to the cables’ smaller form factor. 
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The 21 CMOS/TTL inputs can support a variety of signal 
combinations. For example, five 4-bit nibbles plus 1 control, 
or two 9-bit (byte + parity) and 3 control. 


Features 

w@ Single +3.3V supply 

= Chipset (Tx + Rx) power consumption <250 mW (typ) 
Power-down mode (<0.5 mW total) 

Up to 173 Megabytes/sec bandwidth 

Up to 1.386 Gbps data throughput 

Narrow bus reduces cable size 

290 mV swing LVDS devices for low EMI 
+1V common mode range (around +1.2V) 
PLL requires no external components 

Low profile 48-lead TSSOP package 

Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 
w ESD Rating > 7 kV 

m= Operating Temperature: -40°C to +85°C 
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National Semiconductor 


+3.3V Rising Edge Data Strobe LVDS 21-Bit Channel 


Link - 75 MHz 


General Description 


The DS90CR217 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS90CR218 receiver converts the 
three LVDS data streams back into 21 bits of CMOS/TTL 
data. At a transmit clock frequency of 75 MHz, 21 bits of TTL 
data are transmitted at a rate of 525 Mbps per LVDS data 
channel. Using a 75 MHz clock, the data throughput is 1.575 
Gbit/s (197 Mbytes/sec). 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
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20 to 75 MHz shift clock support 

50% duty cycle on receiver output clock 
Best-in-Class Set & Hold Times on TxINPUTs and 
RxOUTPUTs 

Low power consumption 

Tx + Rx Power-down mode <400yuW (max) 
+1V common mode range (around +1.2V) 
Narrow bus reduces cable size and cost 

Up to 1.575 Gbps throughput 

Up to 197 Megabytes/sec bandwidth 

345 mV (typ) swing LVDS devices for low EMI 
PLL requires no external components 

Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 
Low profile 48-lead TSSOP package 


DS90CR218 















CMOS/TTL 


DATA (LVDS) OUTPUTS 


YY 


VDS-TO-PARALLEL TTL 





P RECEIVER 


CLOCK OUT 


CLOCK (LVDS) 


POWER DOWN 


DS100871-27 


Order Number DS90CR218MTD 
See NS Package Number MTD48 


www.national.com 


81L24H906Sd/21-2H906S0 


DS90CR217/DS90CR218 


Pin Diagrams 
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DS90CR218A/DS90CR217 


+3.3V Rising Edge Data Strobe LVDS 21-Bit Channel 


Link - 85 MHz 


General Description 


The DS90CR217 transmitter converts 21 bits of CMOS/TTL 
data into three LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a fourth LVDS link. Every 
cycle of the transmit clock 21 bits of input data are sampled 
and transmitted. The DS90CR218A receiver converts the 
three LVDS data streams back into 21 bits of CMOS/TTL 
data. At a transmit clock frequency of 85 MHz, 21 bits of TTL 
data are transmitted at a rate of 595 Mbps per LVDS data 
channel. Using a 85 MHz clock, the data throughput is 1.785 
Gbit/s (223 Mbytes/sec). 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
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20 to 85 MHz shift clock support 

50% duty cycle on receiver output clock 
Best—in—Class Set & Hold Times on TxINPUTs 
Low power consumption 

+1V common mode range (around +1.2V) 
Narrow bus reduces cable size and cost 

Up to 1.785 Gbps throughput 

Up to 223 Megabytes/sec bandwidth 

345 mV (typ) swing LVDS devices for low EMI 
PLL requires no external components 

Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 
Low profile 48-lead TSSOP package 


DS90CR218A 















—I 
> ‘os 
e a 
Lif 
—! 
oe CMOS 
DATA (LVDS) ae x eee 
ia d 
tr 
& wr 
ig 
pe | 
CLOCK (LVDS) 1 PLL RECEIVER 
CLOCK OUT 
POWER DOWN 


DS101080-27 


Order Number DS90CR218AMTD 
See NS Package Number MTD48 


www.national.com 


Z12Y906Sd/V8lcdD06SG 


DS90CR218A/DS90CR217 


Pin Diagrams 


TXIN3 





RxOUT17 
TxIN2 RxOUT18 
GND GND. 
TxIN1 RxOUT 19 
TxiNO RxOUT20 
N/C N/C 
7 Ske LVDS GND 
” : xOUTO- RxINO~ == im 
S he TxOUTO+ exino+ 2 —| > = 
: TxOUT 1- | = 
m RxIN1- : 
T eae TxOUT 1+ RxIN1+ > = 
iG | 
rr LVDS Voc LVDS Voc ~ 
= LVDS GND LVDS.GND = T 
ac o TxOUT2- | = 
= RxIN2- : 
a pa enn RxiN2+ LOL > d, 
= ; TxCLK OUT- N §& 
RxCLK IN- : > 
a AS rer k outs Bickine 7 
LVDS GND LVDS GND 
| ts ne PLL GND 
PLL CC PLLY 
PLL GND PLL GND i 
PWR DWN PWR DWN 
TxCLK IN RxCLK OUT 
TxIN20 RxOUTO 





DS101080-21 DS101080-22 


| DS90CR217 DS90CR218A 
Typical Application 
LVDS Cable 
ih TX (media dependent) RX RYOUT 
X X 
; Es ax DATA (LVDS) = 0 
= 5 er Ly 1 o> ==: 
ol + th 1 
=| 2 an a ee 
is__| fae at aaa tk fj 12 
ss tell, |. [| Fy ==; 
CT Tews  L 
TxcLK—+—_ HY ST Sr SCS CLK 


SHIELD 
DS101080-23 


www.national:com 9-38 





DS90CR281/DS90CR282 
28-Bit Channel Link 


General Description 


The DS90CR281 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. The DS90CR282 receiver converts the LVDS 
data streams back into 28 bits of CMOS/TTL data. At a trans- 
mit clock frequency of 40 MHz, 28 bits of TTL data are trans- 
mitted at a rate of 280 Mbps per LVDS data channel. Using 
a 40 MHz clock, the data throughput is 1.12 Gbit/s 
(140 Mbytes/s). 


The multiplexing of the data lines provides a substantial 
cable reduction. Long distance parallel single-ended buses 
typically require a ground wire per active signal (and have 
very limited noise rejection capability). Thus, for a 28-bit wide 
data bus and one clock, up to 58 conductors are required. 
With the Channel Link chipset as few as 11 conductors (4 
data pairs, 1 clock pair and a minimum of one 
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ground) are needed. This provides a 80% reduction in re- 
quired cable width, which provides a system cost savings, 
reduces connector physical size and cost, and reduces 
shielding requirements due to the cables’ smaller form fac- 
tor. 

The 28 CMOS/TTL inputs can support a variety of signal 
combinations. For example, 7 4-bit nibbles or 3 9-bit (byte + 
parity) and 1 control. 


Features 


m™ Narrow bus reduces cable size and cost 

m +1V common mode range (ground shifting) 

= 290 mV swing LVDS data transmission 

@ 1.12 Gbit/s data throughput 

m= Low swing differential current mode drivers reduce EMI 
mw Rising edge data strobe 

m™ Power down mode 

m= Offered in low profile 56-lead TSSOP package 
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DS90CR283/DS90CR284 
28-Bit Channel Link-66 MHz 


General Description 


The DS90CR283 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. The DS90CR284 receiver converts the LVDS 
data streams back into 28 bits of CMOS/TTL data. At a trans- 
mit clock frequency of 66 MHz, 28 bits of TTL data are trans- 
mitted at a rate of 462 Mbps per LVDS data channel. Using 
a 66 MHz clock, the data throughput is 1.848 Gbit/s 
(231 Mbytes/s). 


The multiplexing of the data lines provides a substantial 
cable reduction. Long distance parallel single-ended buses 
typically require a ground wire per active signal (and have 
very limited noise rejection capability). Thus, for a 28-bit wide 
data bus and one clock, up to 58 conductors are required. 
With the Channel Link chipset as few as 11 conductors (4 
data pairs, 1 clock pair and a minimum of one ground) are 
needed. This provides a 80% reduction in required cable 
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width, which provides a system cost savings, reduces con- 
nector physical size and cost, and reduces shielding require- 
ments due to the cables’ smaller form factor. 

The 28 CMOS/TTL inputs can support a variety of signal 
combinations. For example, 7 4-bit nibbles or 3 9-bit (byte + 
parity) and 1 control. 


Features 

66 MHz clock support 

Up to 231 Mbytes/s bandwidth 

Low power CMOS design (< 610 mW) 
Power Down mode (< 0.5 mW total) 

Up to 1.848 Gbit/s data throughput 
Narrow bus reduces cable size and cost 
290 mV swing LVDS devices for low EMI 
PLL requires no external components 
Low profile 56-lead TSSOP package 
Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS Standard 
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DS90CR285/DS90CR286 


+3.3V Rising Edge Data Strobe LVDS 28-Bit Channel 


Link-66 MHz 


General Description 


The DS90CR285 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. The DS9OCR286 receiver converts the LVDS 
data streams back into 28 bits of CMOS/TTL data. At a trans- 
mit clock frequency of 66 MHz, 28 bits of TTL data are trans- 
mitted at a rate of 462 Mbps per LVDS data channel. Using 
a 66 MHz clock, the data throughput is 1.848 Gbit/s (231 
Mbytes/s). 

The multiplexing of the data lines provides a substantial 
cable reduction. Long distance parallel single-ended buses 
typically require a ground wire per active signal (and have 
very limited noise rejection capability). Thus, for a 28-bit wide 
data and one clock, up to 58 conductors are required. With 
the Channel Link chipset as few as 11 conductors (4 data 
pairs, 1 clock pair and a minimum of one ground) are 
needed. This provides a 80% reduction in required cable 
width, which provides a system cost savings, reduces con- 
nector physical size and cost, and reduces shielding require- 
ments due to the cables’ smaller form factor. 
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Order Number DSSOCR285MTD 
See NS Package Number MTD56 


The 28 CMOS/TTL inputs can support a variety of signal 
combinations. For example, seven 4-bit nibbles or three 9-bit 
(byte + parity) and 1 control. 


Features 

m@ Single +3.3V supply 

m Chipset (Tx + Rx) power consumption <250 mW (typ) 
m= Power-down mode (<0.5 mW total) 

m Up to 231 Megabytes/sec bandwidth 

m Up to 1.848 Gbps data throughput 

m Narrow bus reduces cable size 

m 290 mV swing LVDS devices for low EMI 

m +1V common mode range (around +1.2V) 

m PLL requires no external components 

= Low profile 56-lead TSSOP package 

m Rising edge data strobe 

= Compatible with TIA/EIA-644 LVDS standard 
= ESD Rating > 7 kV 

m™ Operating Temperature: —40°C to +85°C 
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Order Number DS90CR286MTD 
See NS Package Number MTD56 
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982H906S0/S82H906SC 





DS90CR285/DS90CR286 


Pin Diagrams 
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DS90CR286A/DS90CR216A 


AY national Semiconductor 


+3.3V Rising Edge Data Strobe LVDS Receiver 28-Bit 


Channel Link—66 MHz, 


+3.3V Rising Edge Strobe 


LVDS Receiver 21-Bit Channel Link—66 MHz 


General Description 


The DS90CR286A receiver converts the four LVDS data 
streams (Up to 1.848 Gbps throughput or 231 Megabytes/ 
sec bandwidth) back into parallel 28 bits of CMOS/TTL data. 
Also available is the DS90CR216A that converts the three 
LVDS data streams (Up to 1.386 Gbps throughput or 173 
Megabytes/sec bandwidth) back into parallel 21 bits of 
CMOS/TTL data. Both Receivers’ outputs are Rising edge 
strobe. 

Both devices are offered in TSSOP packages. In addition the 
DS90CR286A is also offered in a space saving 64 ball, 
0.8mm fine pitch ball grid array (FBGA) which provides a 
44% reduction in PCB footprint compared to the 56L TSSOP 
package. 

The DS9N0CR286A / DS9O0CR216A devices are enhanced 
over prior generation receivers and provided a wider data 
valid time on the receiver output. 

This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Block Diagrams 


DS90CR286A 
DATA (LVDS) 


(140 To 462 Mbit/s 
On Each LVDS 


8 
Channel) CMOS/TTL 


OUTPUTS 


—! 
ud 
_! 
—! 
<< 
oa 
<< 
a 
= 
= 
7 
Oo 
7 
wo 
a 
> 
—! 


CLOCK (LVDS) 
(20 To 66 MHz) 


RECEIVER 
CLOCK OUT 


POWER DOWN 





DS100873-30 


Order Number DS90CR286AMTD or DS9O0CR286ASLC 
See NS Package Number MTD56 or SLC64A 


Features 


9-45 


20 to 66 MHz shift clock support 

50% duty cycle on receiver output clock 
Best—in—Class Set & Hold Times on RxOUTPUTs 

Rx power consumption <270 mW (typ) @66MHz Worst 
Case 

Rx Power-down mode <200”uW (max) 

ESD rating >7 kV (HBM), >700V (EIAJ) 

PLL requires no external components 

Compatible with TIA/EIA-644 LVDS standard 

Low profile 56-lead or 48-lead TSSOP package 
DS90CR286A is also offered in a space saving 64 ball 
FBGA package 

Operating Temperature: -40°C to +85°C 
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Order Number DS90CR216AMTD 
See NS Package Number MTD48 
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DS90CR287/DS90CR288 





AY vationat Semiconductor 


DS90CR287/DS90CR288 
+3.3V Rising Edge Data Strobe landed 28- Bit Channel 
Link-75 MHz 


General Description _ Features 


The DS90CR287 transmitter converts 28 bits of CMOS/TTL ™ 20 to 75 MHz shift clock support 
data into four LVDS (Low Voltage Differential Signaling) data. = 50% duty cycle on receiver output clock’ 
streams. A phase-locked transmit clock is transmitted in par- m Best-in-Class Set & Hold Times on TxINPUTs and 
allel with the data streams over a fifth LVDS link. Every cycle RxOUTPUTs 
_ of the transmit clock 28 bits of input data are sampled and Low power consumption 
transmitted. The DS90CR288 receiver. converts the four Tx + Rx Power-down mode <400uW (max) 
LVDS data streams back into 28 bits of CMOS/T TL data. At +1V common mode range (around +1.2V) 
a transmit clock frequency of 75 MHz, 28 bits of TTL data are . 
transmitted at a rate of 525 Mbps per LVDS data channel. Narrow bus reduces cable size and cost 
Using a 75 MHz clock, the data throughput is 2.10 Gbit/s Up to 2.10 Gbps throughput 
(262.5 Mbytes/sec). Up to 262.5 Megabytes/sec bandwidth | 
This chipset is an ideal means to solve EMI and cable size 345 mV (typ) swing LVDS devices for low EMI 
problems associated with wide, high speed TTL interfaces. | ™ PLL requires no external components 
m Rising edge data strobe | 
= Compatible with TIA/EIA-644 LVDS standard 
= Low profile 56-lead TSSOP package 
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Pin Diagrams 
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DS90CR287/DS90CR288A 


AY National Semiconductor 


+3.3V Rising Edge Data Strobe LVDS 28-Bit Channel 


Link-85 MHZ 


General Description 


The DS90CR287 transmitter converts 28 bits of CMOS/TTL 
data into four LVDS (Low Voltage Differential Signaling) data 
streams. A phase-locked transmit clock is transmitted in par- 
allel with the data streams over a fifth LVDS link. Every cycle 
of the transmit clock 28 bits of input data are sampled and 
transmitted. The DS90CR288A receiver converts the four 
LVDS data streams back into 28 bits of CMOS/TTL data. At 
a transmit clock frequency of 85 MHZ, 28 bits of TTL data are 
transmitted at a rate of 595 Mbps per LVDS data channel. 
Using a 85 MHZ clock, the data throughput is 2.38 Gbit/s 
(297.5 Mbytes/sec). 


This chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 


Block Diagrams 
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Features 

20 to 85 MHZ shift clock support 

50% duty cycle on receiver output clock 
Best-in-Class Set & Hold Times on TxINPUTs 
Low power consumption 

+1V common mode range (around +1.2V) 
Narrow bus reduces cable size and cost 

Up to 2.38 Gbps throughput 

Up to 297.5 Megabytes/sec bandwidth 

345 mV (typ) swing LVDS devices for low EMI 
PLL requires no external components 

Rising edge data strobe 

Compatible with TIA/EIA-644 LVDS standard 
Low profile 56-lead TSSOP package 
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Order Number DS90CR288AMTD 
See NS Package Number MTD56 


Pin Diagrams 
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DS90CR483/DS90CR484 


National Semiconductor 


DS90CR483 / DS90CR484 


48-Bit LVDS Channel Link Serializer/Deserializer 


General Description 


The DS90CR483 transmitter converts 48 bits of CMOS/TTL 
data into eight LVDS (Low Voltage Differential Signaling) 
data streams. A phase-locked transmit clock is transmitted in 
parallel with the data streams over a ninth LVDS link. Every 
cycle of the transmit clock 48 bits of input data are sampled 
and transmitted. The DS90CR484 receiver converts the 
LVDS data streams back into 48 bits of CMOS/TTL data. At 
a transmit clock frequency of 112MHz, 48 bits of TTL data 
are transmitted at a rate of 672Mbps per LVDS data channel. 
Using a 112MHz clock, the data throughput is 5.38Gbit/s 
(672Mbytes/s). 


The multiplexing of data lines provides a substantial cable 
reduction. Long distance parallel single-ended buses typi- 
cally require a ground wire per active signal (and have very 
limited noise rejection capability). Thus, for a 48-bit wide 
data and one clock, up to 98 conductors are required. With 
this Channel Link chipset as few as 19 conductors (8 data 
pairs, 1 clock pair and a minimum of one ground) are 
needed. This provides an 80% reduction in cable width, 
which provides a system cost savings, reduces connector 
physical size and cost, and reduces shielding requirements 
due to the cables’ smaller form factor. 


The 48 CMOS/TTL inputs can support a variety of signal 


combinations. For example, 6 8-bit words or 5 9-bit (byte + 


parity) and 3 controls. 

The DS90CR483/DS90CR484 chipset is improved over prior 
generations of Channel Link devices and offers higher band- 
width support and longer cable drive with three areas of en- 
hancement. To increase bandwidth, the maximum clock rate 
is increased to 112 MHz and 8 serialized LVDS outputs are 


Generalized Block Diagrams | 
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(198 to 672 Mbit/s 
On Each LVDS 
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CLOCK (LVDS) 
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provided. Cable drive is enhanced with a user selectable 
pre-emphasis feature that provides additional output current 
during transitions to counteract cable loading effects. DC 
balancing on a cycle-to-cycle basis, is also provided to re- 
duce ISI (inter-Symbol Interference). With pre-emphasis and 
DC balancing, a low distortion eye-pattern is provided at the 
receiver end of the cable. A cable deskew capability has 
been added to deskew long cables of pair-to-pair skew of up 
to +/-1 LVDS data bit time (up to 80 MHz Clock Rate). These 
three enhancements allow cables 5+ meters in length to be 
driven. 

The chipset is an ideal means to solve EMI and cable size 
problems associated with wide, high speed TTL interfaces. 
For more details, please refer to the “Applications Informa- 
tion” section of this datasheet. 


Features 

m Up to 5.38 Gbits/sec bandwidth 

@ 33 MHz to 112 MHz input clock support 

m LVDS SER/DES reduces cable and connector size .. 

™ Pre-emphasis reduces cable loading effects  =—> 

m™ DC balance data transmission provided by transmitter 
reduces ISI distortion 

m Cable Deskew of +/-1 LVDS data bit time (up to 80 
MHz Clock Rate) 

m 5V Tolerant TxIN and control input pins 

= Flow through pinout for easy PCB design 

@ +3.3V supply voltage 

# Transmitter rejects cycle-to-cycle jitter 

m™ Conforms to ANSI/TIA/EIA-644-1995 LVDS Standard 
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Generalized Transmitter Block Diagram 
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Generalized Receiver Block Diagram 
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DS92LV010A 





DS92LV010A 


National Semiconductor 


Bus LVDS 3.3/5.0V Single Transceiver 


General Description 


The DS92LV010A is one in a series of transceivers designed 
specifically for the high speed, low power proprietary bus 
backplane interfaces. The device operates from a single 
3.3V or 5.0V power supply and includes one differential line 
driver and one receiver. To minimize bus loading the driver 
outputs and receiver inputs are internally connected. The 
logic interface provides maximum flexibility as 4 separate 
lines are provided (DIN, DE, RE, and ROUT). The device 
also features flow through which allows easy PCB routing for 
short stubs between the bus pins and the connector. The 
driver has 10 mA drive capability, allowing it to drive heavily 
loaded backplanes, with impedance as low as 27 Ohms. 


The driver translates between TTL levels (single-ended) to 
Low Voltage Differential Signaling levels. This allows for high 
speed operation, while consuming minimal power with re- 
duced EMI. In addition the differential signaling provides 
common mode noise rejection of +1V. 


Connection Diagram 





The receiver threshold is +100mV over a +1V common 
mode range and translates the low voltage differential levels 


to standard (CMOS/TTL) levels. 


Features 

Bus LVDS Signaling (BLVDS) 

Designed for Double Termination Applications 
Balanced Output Impedance 

Lite Bus Loading 5pF typical 

Glitch free power up/down (Driver disabled) 
3.3V or 5.0V Operation 

+1V Common Mode Range 

+100mV Receiver Sensitivity 

High Signaling Rate Capability (above 100 Mbps) 
Low Power CMOS design 

Product offered in 8 lead SOIC package 
industrial Temperature Range Operation 


DS100052-1 


Order Number DS92LV010ATM 
See NS Package Number MO08A 


| Block Diagram 
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National Semiconductor 


DS92LVO90A 


9 Channel Bus LVDS Transceiver 


General Description 


The DS92LVO90A is one in a series of Bus LVDS transceiv- 
ers designed specifically for the high speed, low power pro- 
prietary backplane or cable interfaces. The device operates 
from a single 3.3V power supply and includes nine differen- 
tial line drivers and nine receivers. To minimize bus loading, 
the driver outputs and receiver inputs are internally con- 
nected. The separate I/O of the logic side allows for loop 
back support. The device also features a flow through pin out 
which allows easy PCB routing for short stubs between its 
pins and the connector. 


The driver translates 3V TTL levels (single-ended) to differ- 
ential Bus LVDS (BLVDS) output levels. This allows for high 
speed operation, while consuming minimal power with re- 
duced EMI. In addition, the differential signaling provides 
common mode noise rejection of +1V. 


The receiver threshold is less than +100 mV over a +1V 
common mode range and translates the differential Bus 
LVDS to standard (TTL/CMOS) levels. (See Applications In- 
formation Section for more details.) 


Simplified Functional Diagram 





Common to 
all data channels 


9-53 


Features 


Bus LVDS Signaling 


3.2 nanosecond propagation delay max 


Chip to Chip skew +800ps 
Low power CMOS design 
High Signaling Rate Capability (above 100 Mbps) 
0.1V to 2.3V Common Mode Range for V,, = 200mV 


+100 mV Receiver Sensitivity 


Supports open and terminated failsafe on port pins 


3.3V operation 


Glitch free power up/down (Driver & Receiver disabled) 
Light Bus Loading (5 pF typical) per Bus LVDS load 
Designed for Double Termination Applications 


Balanced Output Im 


Product offered in 64 pin TQFP package 

High impedance Bus pins on power off (Vcc = OV) 
Driver Channel to Channel skew (same device) 230ps 
typical 
Receiver Channel to Channel skew (same device) 
370ps typical 
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See NS Package Number VEHO64DB 


Pinout Description 


Pin Name 
DO+/RI+ 


DO-/RI- 


AGND 
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Descriptions 


27, 31, 35, 37, 41, /O True Bus LVDS Driver Outputs and Receiver Inputs. 
45, 47, 51, 55 


44, 46, 50, 54 
58, 60, 62 
59, 61, 63 
. Receiver Enable TTL Input (Active Low). 


Driver Enable TTL Input (Active High). 


Complimentary Bus LVDS Driver Outputs and Receiver Inputs. 


/O 
TTL Driver Input. 
O 


TTL Receiver Output. 


10, 15, 24, 57, 64 Power Voc for digital circuitry (must connect to Veg on PC board). These 
pins connected internally. 
28, 33, 43, 49, 53 


29, 32, 42, 48, 52 


Ground for analog circuitry (must connect to GND on PC board). 
These pins connected internally. 


Analog Vcc (must connect to Veg on PC board). These pins 
connected internally. 


1, 8, 11, 38, 39 N/A Leave open circuit, do not connect. 


4, 5, 9, 14, 25, 56 Power Ground for digital circuitry (must connect to GND on PC board). 
These pins connected internally. 
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VeccA1c6SG 


DS92LV222A 
Two Channel Bus LVDS MUXed Repeater 


General Description Features 

Bus LVDS Signaling (BLVDS) 

Designed for Double Termination Applications 
Low power CMOS design 

High Signaling Rate Capability (above 100 Mbps) 
Ultra Low Power Dissipation (13.2 mW quiescent) 


The DS92LV222A is a repeater designed specifically forthe & 
a 
a 
a 
. 
m Balanced Output Impedance 
2 
| 
a 
a 
2 
a 


bridging of multiple backplanes in a rack. The DS92LV222A 
utilizes low voltage differential signaling to deliver high speed 
while consuming minimal power with reduced EMI. The 
RSEL pin and DE pins allow maximum flexibility as to which 
receiver/driver are used. The DS92LV222A repeats signals 
between backplanes and accepts or drives signals onto the 
local bus. It also features a flow through pin out which allows 
easy PCB routing for short stubs between its pins and the 
connector. 


The driver is selectable between 3.5 mA (100Q load) and 8.5 
mA (27Q load) output loop currents depending upon the 
level applied to the ISEL pin. This allows for single termina- 
tion (point-to-point) and also double termination (multipoint) 
applications while maintain similar differential levels. 


The receiver threshold is +100 mV, while providing +1V 
common mode range. 


Lite Bus Loading 5 pF typical 

Selectable Drive Capability (3.5 mA or 8.5 mA) 
3.3V operation 

+1V Common Mode Range 

+100 mV Receiver Sensitivity 

Available in 16 pin SOIC package. 





Connection Diagram 
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Order Number DS92LV222ATM 
See NS Package Number M16A 


Block Diagram 
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DS90CP22 


A nationa Semiconductor 


2X2 800 Mbps LVDS Crosspoint Switch 


General Description 


DS90CP22 is a 2x2 crosspoint switch utilizing LVDS (Low 
Voltage Differential Signaling) technology for low power, high 
speed operation. Data paths are fully differential from input 
to output for low noise generation and low pulse width distor- 
tion. The non-blocking design allows connection of any input 
to any output or outputs. LVDS I/O enable high speed data 
transmission for point-to-point interconnects. This device 
can be used as a high speed differential crosspoint, 2:1 mux, 
1:2 demux, repeater or 1:2 signal splitter. The mux and de- 
mux functions are useful for switching between primary and 
backup circuits in fault tolerant systems. The 1:2 signal split- 


| ter and 2:1 mux functions are useful for distribution of serial 


bus across several rack-mounted backplanes. 


The DS90CP22 accepts LVDS signal levels, LVPECL levels 
directly or PECL with attenuation networks. 


The individual LVDS outputs can be put into TRI-STATE by 
use of the enable pins. 


For more details, please refer to the Application Information 
section of this datasheet. 


Connection Diagram 
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Order Number DS90CP22M-8 
See NS Package Number M16A 
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Features 

m Low jitter 800 Mbps fully differential data path 

= 75 ps (typ) of pk-pk jitter with PRBS = 27°-1 data 
pattern at 800 Mbps 


_™ Single +3.3 V Supply 
'm@ Less than 330 mW (typ) total power dissipation 
- @ Non-blocking Switch Architecture” 


m™ Balanced output impedance 

# Output channel-to-channel skew is 35 ps (typ) 

m= Configurable as 2:1 mux, 1:2 demux, repeater or 1:2 
signal splitter 

LVDS receiver inputs accept LVPECL signals 
Fast switch time of 1.2ns (typ) 

Fast propagation delay of 1.3ns (typ) 

Receiver input threshold < +100 mV 

16 lead SOIC package 

Inter-operates with ANSI/TIA/EIA-644-1995 LVDS 
standard 
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Diff. Output Eye-Pattern in 1:2 split mode @ 800 Mbps 
Conditions: 3.3 V, PRBS = 27°-1 data pattern, 
Vip = 300MV, Voy = +1.2 V, 200 ps/div, 100 mV/div 
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AY national Semiconductor 


DS92LV1021 and DS92LV1210 
16-40 MHz 10 Bit Bus LVDS Serializer and Deserializer 


General Description 


The DS92LV1021 transforms a 10-bit wide parallel CMOS/ 
TTL data bus into a single high speed Bus LVDS serial data 
stream with embedded clock. The DS92LV1210 receives the 
Bus LVDS serial data stream and transforms it back into a 
10-bit wide parallel data bus and separates clock. The 
DS92LV1021 may transmit data over heavily loaded back- 
planes or 10 meters of cable. The reduced cable, PCB trace 
count and connector size saves cost and makes PCB design 
layout easier. Clock-to-data and data-to-data skew are elimi- 
nated since one output will transmit both clock and all data 
bits serially. The powerdown pin is used to Save power, by 
reducing supply current when either device is not in use. The 
Serializer has a synchronization mode that should be acti- 
vated upon power-up of the device. The Deserializer will es- 
tablish lock to this signal within 1024 cycles, and will flag 
Lock status. The embedded clock guarantees a transition on 
the bus every 12-bit cycle; eliminating transmission errors 


Block Diagrams 
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due to charged cable conditions. The DS92LV1021 output 
pins may be TRI-STATE ® to achieve a high impedance 
state. The PLL can lock to frequencies between 16 MHz and 
40 MHz. 


Features 


= Guaranteed transition every data transfer cycle 

@ Single differential pair eliminates multi-channel skew 
Flow-through pinout for easy PCB layout 

400 Mbps serial Bus LVDS bandwidth (at 40 MHz clock) 
10-bit parallel interface for 1 byte data plus 2 control bits 
Synchronization mode and LOCK indicator 
Programmable edge trigger on clock 

High impedance on receiver inputs when power is off 
Bus LVDS serial output rated for 27 load 

Small 28-lead SSOP package-MSA 


DS92LV1210 
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DS92LV1021/DS92LV1210 


Block Diagrams (Continued) 


Application 


Serializer 


PCB or: 


Twisted Pair 





Functional Description 


The DS92LV1021 and DS92LV1210 is a. 10-bit Serializer / 
Deserializer chipset designed to transmit data over a heavily 
loaded differential backplanes at clock speeds from 16 to 
40Mbz. It may also be used to drive data over Unshielded 
Twisted Pair (UTP) cable. 


The chipset has three active states of operation: Initializa- 
tion, Data Transfer, and Resynchronization; and two passive 
states: Powerdown and TRI-STATE®. 


The following sections describe each operation and passive 
state. 


Initialization 


Before data can be transferred both devices must be initial- 
ized. Initialization refers to synchronization of the Serializer 
and the Deserializer PLL’s to local clocks that may be the 
same or separate. Afterward, synchronization of Deserializer 
to Serializer occurs as the second step of initialization. 


Step 1: When V¢z is applied to both Serializer and/or Dese- 
rializer, the respective outputs are held in TRI-STATE® and 
internal circuitry is disabled by on-chip power-on circuitry. 
When Vcc reaches Vec OK (2.5V) the PLL in each device 
begins locking to a local clock. For the Serializer, the local 
clock is the transmit clock, TCLK, provided by the source 
ASIC or other device. For the Deserializer, the local clock is 
provided by an on-board oscillator or other source and ap- 
plied to the REFCLK pin. After Voc OK is reached the de- 
vice’s PLL will lock. 


The Serializer outputs are held in TRI-STATE while the PLL 
locks to the TCLK. The Serializer is now ready to send data 
or SYNC patterns depending on the levels of the SYNC1 and 
SYNC2 inputs. The SYNC pattern is composed of six ones 
and six zeros switching at the input clock rate. 


The Deserializer LOCK output will remain high while its PLL 
is locking to the local clock- the REFCLK input and then to 
SYNC patterns on the input. 


Step 2: The Deserializer PLL must synchronize to the Serial- 
izer to complete the initialization. The transmission of SYNC 
patterns to the Deserializer enables the Deserializer to lock 
to the Serializer signal. 


Control of the sync pins is left to the user. A feedback loop 
between the LOCK pin is one recommendation. Another op- 
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Deserializer 


Control 


ASIC 
Data 8 


=I RCLK 


tion is that one or both of the Serializer SYNC inputs are as- 
serted for at least 1024 cycles of TCLK to initiate transmis- 
sion of SYNC patterns. The Serializer will continue to send 
SYNC patterns after the minimum of 1024 if either of the 
SYNC inputs remain high. 


When the Deserializer detects edge transitions at the Bus 
LVDS input it will attempt to lock to the embedded clock in- 
formation. When the Deserializer locks to the Bus LVDS 
clock, the LOCK output will go low. When LOCK is low the 
Deserializer outputs represent incoming Bus LVDS data. 


DS100110-2 








Data Transfer 


After initialization, the Serializer inputs DINO—DIN9 may be 
used to input data to the Serializer. Data is clocked into the 
Serializer by the TCLK input. The edge of TCLK used to 
strobe in data is selectable via the TCLK_R/F pin. TCLK_R/F 
high selects the rising edge for clocking data and low selects 
the falling edge. If either of the SYNC inputs is high for 
5*TCLK cycles the data at DIN 0-DINQ is ignored regardless 
of the clock edge. 


A start bit and a stop bit, appended internally, frame the data 
bits in the register. The start bit is always high and the stop 
bit is always low. The start and stop bits function as the em- 
bedded clock bits in the serial stream. 


Serialized data and clock bits (10+2 bits) are transmitted 
from the serial data output (DO) at 12 times the TCLK fre- 
quency. For example, if TCLK is 40 MHz, the serial rate is 40 
x 12 = 480 Mega bits per second. Since only 10 bits are from 
input data, the serial “payload” rate is 10 times the TCLK fre- 
quency. For instance, if TCLK = 40 MHz, the payload data 
rate is 40 x 10 = 400 Mbps. TCLK is provided by the data 
source and must be in the range 16 MHz to 40 MHz nominal. 


The outputs (DO+) can drive a heavily loaded backplane or 
a point-to-point connection. The outputs transmit data when 
the enable pin (DEN) is high, PWRDN = high and SYNC1 
and SYNC2 are low. The DEN pin may be used to TRI- 
STATE the outputs when driven low. 


The LOCK pin on the Deserializer is driven low when it is 
synchronized with the Serializer. The Deserializer locks to 
the embedded clock and uses it to recover the serialized 
data. ROUT data is valid when LOCK is low. Otherwise 
ROUTO—ROUT9 is invalid. 


Data Transfer (Continued) 


RCLK pin is the reference to data on the ROUTO-ROUT9 
pins. The polarity of the RCLK edge is controlled by the 
RCLK_R/F input. 

ROUT(0-9), LOCK and RCLK outputs will drive a minimum 
of three CMOS input gates (15 pF load) with 40 MHz clock. 


Resynchronization 


The Deserializer LOCK pin driven low indicates that the De- 
serializer PLL is locked to the embedded clock edge. If the 
Deserializer loses lock, the LOCK output will go high and the 
outputs (including RCLK) will be TRI-STATE. 


The LOCK pin must be monitored by the system to detect a 
loss of synchronization and the system must arrange to 
pulse the Serializer SYNC1 or SYNC2 pin to resynchronize. 
There are multiple approaches possible. One recommenda- 
tion is to provide a feedback loop using the LOCK pin itself to 
control the sync request of the Serializer (SYNC1 or 
SYNC2). Otherwise, LOCK pin needs to be monitored and 
when it is a high, the system needs to ensure that one or 
both of the Serializer SYNC inputs area asserted for at least 
1024 cycles of TCLK. A minimum of 1024 sync patterns are 
needed to resynchronize. Dual SYNC pins are provided for 
multiple control in a multi-drop application. 











Powerdown 


The Powerdown state is a low power sleep mode that the 
Serializer and Deserializer may use to reduce power when 


there is no data to be transferred. Powerdown is entered 
when PWRDN and REN are driven low on the Deserializer, 
and when the PWRDN is driven low on the Serializer. In 
Powerdown, the PLL is stopped and the outputs go into TRI- 
STATE, disabling load current and also reducing supply cur- 
rent to the milliamp range. To exit Powerdown, PWRDN is 
driven high. 


Both the Serializer and Deserializer must reinitialize and re- 
synchronize before data can be transferred. Initialization of 
the Serializer takes 1024 TCLK cycles. The Deserializer will 
initialize and assert LOCK high until it is locked to the Bus 
LVDS clock. 


TRI-STATE 


For the Serializer, TRI-STATE is entered when the DEN pin 
is driven low. This will TRI-STATE both driver output pins 
(DO+ and DO-). When DEN is driven high the serializer will 
return to the previous state as long as all other control pins 
remain static (SYNC1, SYNC2, PWRDN, TCLK_R/F). 


For the Deserializer, TRI-STATE is entered when the REN 
pin is driven low. This will TRI-STATE the receiver output 
pins (ROUTO—ROUT9), LOCK and RCLK. 











Order Numbers 


NSID Package 
DSG2LVIOZTTNSA MAZE 
DSGALVIZTOTMSA MAZE 
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DS92LV1212A 


National Semiconductor 


DS92LV1212A 
16-40 MHz 10-Bit Bus LVDS 


with Embedded Clock Recovery 


General Description 


The DS92LV1212A is an upgrade of the DS92LV1212. It 
maintains all of the features of the DS92LV1212. The 
DS92LV1212A is designed to be used with the DS92LV1021 
Bus LVDS Serializer. The DS92LV1212A receives a Bus 
LVDS serial data stream and transforms it into a 10-bit wide 
parallel data bus and separate clock. The reduced cable, 
PCB trace count and connector size saves cost and makes 
PCB layout easier. Clock-to-data and data-to-data skews are 
eliminated since one input receives both clock and data bits 
serially. The powerdown pin is used to save power by reduc- 
ing the supply current when the device is not in use. The De- 
serializer will establish lock to a synchronization pattern 
within specified lock times but it can also lock to a data 
stream without SYNC patterns. 


Block Diagram 









Random Lock Deserializer_ 


Features 


m Clock recovery without SYNC patterns-random lock 

= Guaranteed transition every data transfer cycle 

m Chipset (Tx + Rx) power consumption < 300mW (typ) @ 
40MHz 

m Single differential pair eliminates multi-channel skew 

m™ 400 Mbps serial Bus LVDS bandwidth (at 40 MHz clock) 

m 10-bit parallel interface for 1 byte data plus 2 control bits 

or UTOPIA | Interface 

Synchronization mode and LOCK indicator 

Flow-through pinout for easy PCB layout 

High impedance on receiver inputs when power is off 

Programmable edge trigger on clock 

Footprint compatible with DS92LV1210 

Small 28-lead SSOP package-MSA 
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Block Diagram (continued) 


Application 
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Functional Description 


The DS92LV1212 is a 10-bit Deserializer chip designed to 
receive data over heavily loaded differential backplanes at 
clock speeds from 16 MHz to 40 MHz. It may also be used to 
receive data over Unshielded Twisted Pair (UTP) cable. 


The chip has three active states of operation: Initialization, 
Data Transfer, and Resynchronization; and two passive 
states: Powerdown and TRI-STATE®. 


The following sections describe each operation of the active 
and passive states. 


Initialization 


Before data can be transferred, the Deserializer must be ini- 
tialized. The Deserializer should be powered up with the 
PWRDN pin held low. After Vcc stabilizes, the PWRDN pin 
can be forced high. The Deserializer is ready to lock to the 
incoming data stream. 


Step 1: When you apply Vcc to the Deserializer, the respec- 
tive outputs are held in TRI-STATE and internal circuitry is 
disabled by on-chip power-on circuitry. When Voc reaches 
Voc OK (2.5V), the PLL is ready to lock to incoming data or 
synchronization patterns. You must apply the local clock to 
the REFCLK pin. 


The Deserializer LOCK output will remain high while its PLL 
locks to incoming data or to SYNC patterns on the inputs. 


Step 2: The Deserializer PLL must synchronize to the Serial- 
izer to complete the initialization. The Deserializer will lock to 
non-repetitive data patterns; however, the transmission of 
SYNC patterns to the Deserializer enables the Deserializer 
to lock to the Serializer signal within a specified time. See 
Figure 7. 


The user’s application determines control of the SYNC1 and 
SYNC2 pins. One recommendation is a direct feedback loop 
from the LOCK pin. Under all circumstances, the Serializer 
stops sending SYNC patterns after both SYNC inputs return 
low. 


When the Deserializer detects edge transitions at the Bus 
LVDS input, it will attempt to lock to the embedded clock in- 
formation. When the Deserializer locks to the Bus LVDS 
clock, the LOCK output will go low. When LOCK is low, the 
Deserializer outputs represent incoming Bus LVDS data. 
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Data Transfer 


After initialization, the Serializer will accept data from inputs 
DINO—DINY. The Serializer uses the TCLK input to latch in- 
coming Data. The TCLK_R/F pin selects which edge the Se- 
rializer uses to strobe incoming data. TCLK_R/F high selects 
the rising edge for clocking data and low selects the falling 
edge. If either of the SYNC inputs is high for 5*TCLK cycles, 
the data at DINO-DINQ is ignored regardless of clock edge. 


After determining which clock edge to use, a start and stop 
bit, appended internally, frame the data bits in the register. 
The start bit is always high and the stop bit is always low. 
The start and stop bits function as the embedded clock bits 
in the serial stream. 


Serialized data and clock bits (10+2 bits) are received at 12 
times the TCLK frequency. For example, if TCLK is 40 MHz, 
the serial rate is 40 x 12 = 480 Mega bits per second. Since 
only 10 bits are from input data, the serial “payload” rate is 
10 times the TCLK frequency. For instance, if TCLK = 40 
MHz, the payload data rate is 40 x 10 = 400 Mbps. TCLK is 
provided by the data source and must be in the range 16 
MHz to 40 MHz nominal. 


The LOCK pin on the Deserializer is driven low when it is 
synchronized with the Serializer. The Deserializer locks to 
the embedded clock and uses it to recover the serialized 
data. ROUT data is valid when LOCK is low. Otherwise, 
ROUTO-—ROUTS is invalid. 


The ROUTO-ROUT9 pins use the RCLK pin as the reference 
to data. The polarity of the RCLK edge is controlled by the 
RCLK_R/F input. See Figure 5. 

ROUT(0-9), LOCK and RCLK outputs will drive a minimum 
of three CMOS input gates (15 pF load) with 40 MHz clock. 





Resynchronization 


When the Deserializer PLL locks to the embedded clock 
edge, the Deserializer LOCK pin asserts a low. If the Dese- 
rializer loses lock, the LOCK pin output will go high and the 
outputs (including RCLK) will enter TRI-STATE. 


The user’s system monitors the LOCK pin to detect a loss of 
synchronization. Upon detection, the system can arrange to 
pulse the Serializer SYNC1 or SYNC2 pin to resynchronize. 
Multiple resynchronization approaches are possible. One 
recommendation is to provide a feedback loop using the 
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Resynchronization (Continued) 


LOCK pin itself to control the sync request of the Serializer 
(SYNC1 or SYNC2). Dual SYNC pins are provided for mul- 
tiple control ina multi-drop application. Sending sync pat- 
terns for resynchronization is desirable when lock times 
within a specific time are critical. However, the Deserializer 
can lock to random data, which is discussed in the next sec- 
tion. 


Random Lock Initialization and 
Resynchronization 


The initialization and resynchronization methods described 
in their respective sections are the fastest ways to establish 
the link between the Serializer and Deserializer. However, 
the DS92LV1212A can attain lock to a data stream without 
requiring the Serializer to send special SYNC patterns. This 
allows the DS92LV1212A to operate in “open-loop” applica- 
tions. Equally important is the Deserializer’s ability to support 
hot insertion into a running backplane. In the open loop or 
hot insertion case, we assume the data stream is essentially 
random. Therefore, because lock time varies due to data 
stream characteristics, we cannot possibly predict exact lock 
time. The primary constraint on “random” lock time is the ini- 
tial phase relation between the incoming data and the REF- 
CLK when. the Deserializer powers up. As described in the 
next paragraph, the data contained in the data stream can 
also affect lock time. 


If a specific pattern is repetitive, the Deserializer could enter 
“false lock” - falsely recognizing the data pattern as the 
clocking bits. We refer to such a pattern as a repetitive 
multi-transition, RMT. This occurs when more than one 
Low-High transition takes place in a clock cycle over multiple 
cycles. This occurs when any bit, except DIN 9, is held at a 
low state and the adjacent bit is held high, creating a 0-1 
transition. In the worst case, the Deserializer could become 
locked to the data pattern rather than the clock. Circuitry 
within the DS92LV1212A can detect that the possibility of 
“false lock” exists. The circuitry accomplishes this by detect- 
ing more than one potential position for clocking bits. Upon 
detection, the circuitry will prevent the LOCK output from be- 
coming active until the potential “false lock” pattern changes. 
The false lock detect circuitry expects the data will eventually 
change, causing the Deserializer to lose lock to the data pat- 
tern and then continue searching for clock bits in the serial 
data stream. Graphical representations of RMT are shown 
on the following page. Please note that RMT only applies to 
bits DINO-DIN8. 


www.national.com 


9-62 


Powerdown 


When no data transfer occurs, you can use the Powerdown 
state. The Serializer and Deserializer use the Powerdown 
state, a low power sleep mode, to reduce power consump- 
tion. The Deserializer enters Powerdown when you drive 
PWRDN and REN low. The Serializer enters Powerdown 
when you drive PWRDN low. In. Powerdown, the PLL stops 
and the outputs enterTRI-STATE, which disables load cur- 
rent and reduces supply current to the milliampere range. To 
exit Powerdown, you must drive the PWRDN pin high. - 


Before valid data exchanges between the Serializer and De- 
serializer, you must reinitialize and resynchronize the de- 
vices to each other. Initialization of the Serializer takes 510 
TCLK cycles. The Deserializer will initialize and assert LOCK 
high until lock to the Bus LVDS clock occurs. 


TRI-STATE 


The Serializer enters TRI-STATE when the DEN pin is driven 
low. This puts both driver output pins (DO+ and DO-) into 
TRI-STATE. When you drive DEN high, the Serializer returns 
to the previous state, as long as all other control pins remain 
static (SYNC1, SYNC2, PWRDN, TCLK_R/F). 

When you drive the REN pin low, the Deserializer enters 
TRI-STATE. Consequently, the receiver output pins 
(ROUTO—ROUT9) and RCLK will enter TRI-STATE. The 
LOCK output remains active, reflecting the state of the PLL. 





DS92LV1212A 
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Order Numbers 
Function 
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DS92LV1021TMSA 
DS92LV1212AMSA 


NSID 


DS92LV1023/DS92LV1224 





National Semiconductor 


DS92LV1023 and DS92LV1224 : 
40-66 MHz 10 Bit Bus LVDS Serializer and Deserializer 


General Description 


The DS92LV1023 transforms a 10-bit wide parallel 
LVCMOS/LVTTL data bus into a single high speed Bus 
LVDS serial data stream with embedded clock. The 
DS92LV 1224 receives the Bus LVDS serial data stream and 
transforms it back into a 10-bit wide parallel data bus and re- 
covers parallel clock. The DS92LV1023 transmits data over 
backplanes or cable. The single differential pair data path 
makes PCB design easier. In addition, the reduced cable, 
PCB trace count, and connector size tremendously reduce 
cost. Since one output transmits clock and data bits serially, 
it eliminates clock-to-data and data-to-data skew. The pow- 
erdown pin saves power by reducing supply current when 
not using either device. Upon power up of the Serializer, you 
can choose to activate synchronization mode or allow the 
Deserializer to use the synchronization-to-random-data fea- 
ture. By using the synchronization mode, the Deserializer 
will establish lock to a signal within specified lock times. In 
addition, the embedded clock guarantees a transition on the 
bus every 12-bit cycle. This eliminates transmission errors 
due to charged cable conditions. Furthermore, you may put 


Block Diagrams 


the DS92LV1023 output pins into TRI-STATE ® to achieve a 
high impedance state. The PLL can lock to frequencies be- 
tween 40 MHz and 66 MHz. 


Features 

m™ Clock recovery from PLL lock to random data patterns. 
ms Guaranteed transition every data transfer cycle 

m Chipset (Tx + Rx) power consumption < 500 mW (typ) 
@ 66 MHz 

Single differential pair eliminates multi-channel skew 
Flow-through pinout for easy PCB layout 

660 Mbps serial Bus LVDS data rate (at 66 MHz clock) 
10-bit parallel interface for 1 byte data plus 2 control bits 
Synchronization mode and LOCK indicator 
Programmable edge trigger on clock 

High impedance on receiver inputs when power is off 
Bus LVDS serial output rated for 27Q load 

Small 28-lead SSOP package 
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Block Diagrams (Continued) 


Application 


Serializer 


Deserializer 





Functional Description 


The DS92LV1023 and DS92LV1224 are a 10-bit Serializer 
and Deserializer chipset designed to transmit data over dif- 
ferential backplanes at clock speeds from 40 to 66 MHz. The 
chipset is also capable of driving data over Unshielded 
Twisted Pair (UTP) cable. 


The chipset has three active states of operation: Initializa- 
tion, Data Transfer, and Resynchronization; and two passive 
states: Powerdown and TRI-STATE®. 


The following sections describe each operation and passive 
state. 


Initialization 

Initialization of both devices must occur before data trans- 
mission begins. Initialization refers to synchronization of the 
Serializer and Deserializer PLL’s to local clocks, which may 
be the same or separate. Afterwards, synchronization of the 
Deserializer to Serializer occurs. 


Step 1: When you apply Vcc to both Serializer and/or Dese- 
rializer, the respective outputs enter TRI-STATE®, and 
on-chip power-on circuitry disables internal circuitry. When 
Voc reaches VocOK (2.5V) the PLL in each device begins 
locking to a local clock. For the Serializer, the local clock is 
the transmit clock (TCLK) provided by the source ASIC or 
other device. For the Deserializer, you must apply a local 
clock to the REFCLK pin. 


The Serializer outputs remain in TRI-STATE while the PLL 
locks to the TCLK. After locking to TCLK, the Serializer is 
now ready to send data or SYNC patterns, depending on the 
levels of the SYNC1 and SYNC2 inputs or a data stream. 
The SYNC pattern sent by the Serializer consists of six ones 
and six zeros switching at the input clock rate. 


Note that the Deserializer LOCK output will remain high 
while its PLL locks to the incoming data or to SYNC patterns 
on the input. 


Step 2: The Deserializer PLL must synchronize to the Serial- 
izer to complete initialization. The Deserializer will lock to 
non-repetitive data patterns. However, the transmission of 
SYNC patterns enables the Deserializer to lock to the Serial- 
izer signal within a specified time. See Figure 9. 


The user’s application determines control of the SYNC1 and 
SYNC 2 pins. One recommendation is a direct feedback loop 
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from the LOCK pin. Under all circumstances, the Serializer 
stops sending SYNC patterns after both SYNC inputs return 
low. 


When the Deserializer detects edge transitions at the Bus 
LVDS input, it will attempt to lock to the embedded clock in- 
formation. When the Deserializer locks to the Bus LVDS 
clock, the LOCK output will go low. When LOCK is low, the 
Deserializer outputs represent incoming Bus LVDS data. 





Data Transfer 


After initialization, the Serializer will accept data from inputs 
DINO—DIN9. The Serializer uses the TCLK input to latch in- 
coming Data. The TCLK_R/F pin selects which edge the Se- 
rializer uses to strobe incoming data. TCLK_R/F high selects 
the rising edge for clocking data and low selects the falling 
edge. If either of the SYNC inputs is high for 5*TCLK cycles, 
the data at DINO-DINQ is ignored regardless of clock edge. 
After determining which clock edge to use, a start and stop 
bit, appended internally, frame the data bits in the register. 
The start bit is always high and the stop bit is always low. 


The start and stop bits function as the embedded clock bits _ 


in the serial stream. 


The Serializer transmits serialized data and clock bits (10+2 
bits) from the serial data output (DO+) at 12 times the TCLK 
frequency. For example, if TCLK is 66 MHz, the serial rate is 
66 x 12 = 792 Mega-bits-per-second. Since only 10 bits are 
from input data, the serial “payload” rate is 10 times the 
TCLK frequency. For instance, if TCLK = 66 MHz, the pay- 
load data rate is 66 x 10 = 660 Mbps. The data source pro- 
vides TCLK and must be in the range of 40 MHz to 66 MHz 
nominal. 


The Serializer outputs (DO+) can drive a point-to-point con- 
nection or in limited multi-point or multi-drop backplanes. 
The outputs transmit data when the enable pin (DEN) is 
high, PWRDN = high, and SYNC1 and SYNC2 are low. 
When DEN is driven low, the Serializer output pins will enter 
TRI-STATE. 


When the Deserializer synchronizes to the Serializer, the 
LOCK pin is low. The Deserializer locks to the embedded 
clock and uses it to recover the serialized data. ROUT data 
is valid when LOCK is low. Otherwise ROUTO—ROUTS is in- 
valid. 
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Data Transfer (Continued) 
The ROUTO-ROUT9 pins use the RCLK pin as the reference 


to data. The polarity of the RCLK edge is controlled by the © 


RCLK_R/F input. See Figure 13. 


ROUT(0-9), LOCK and RCLK outputs will drive a maximum 
of three CMOS input gates (15 pF load) with a 66 MHz clock. 


Resynchronization 


When the Deserializer PLL locks to the embedded clock. 





edge, the Deserializer LOCK pin asserts a low. If the Dese- 
rializer loses lock, the LOCK pin output will go high and the 
outputs (including RCLK) will enter TRI-STATE. 


The user’s system monitors the LOCK pin to detect a loss of 
synchronization. Upon detection, the system can arrange to 
pulse the Serializer SYNC1 or SYNC2 pin to resynchronize. 
Multiple resynchronization approaches are possible. One 
recommendation is to provide a feedback loop using the 
LOCK pin itself to control the sync request of the Serializer 
(SYNC1 or SYNC2). Dual SYNC pins are provided for mul- 
tiple control in a multi-drop application. Sending sync pat- 
terns for resynchronization is desirable when lock times 
within a specific time are critical. However, the Deserializer 
can lock to random data, which is discussed in the next sec- 
tion. = 





Random Lock Initialization and 
Resynchronization | 


The initialization and resynchronization methods described 
in their respective sections are the fastest ways to establish 
the link between the Serializer and Deserializer. However, 
the DS92LV 1224 can attain lock to a data stream without re- 
quiring the Serializer to send special SYNC patterns. This al- 
lows the DS92LV 1224 to operate in “open-loop” applications. 
Equally important is the Deserializer’s ability to support hot 
insertion into a running backplane. In the open loop or hot in- 
sertion case, we assume the data stream is essentially ran- 
dom. Therefore, because lock time varies due to data stream 
characteristics, we cannot possibly predict exact lock time. 
However, please see Table 7 for some general random lock 
times under specific conditions. The primary constraint on 
the “random” lock time is the initial phase relation between 
the incoming data and the REFCLK when the Deserializer 
powers up. As described in the next paragraph, the data con- 
tained in the data stream can also affect lock time. 


If a specific pattern is repetitive, the Deserializer could enter 
“false lock” - falsely recognizing the data pattern as the 
clocking bits. We refer to such a pattern as a repetitive 
multi-transition, RMT. This occurs when more than one 
Low-High transition takes place in a clock cycle over multiple 
cycles. This occurs when any bit, except DIN 9, is held ata 
low state and the adjacent bit is held high, creating a 0-1 
transition. In the worst case, the Deserializer could become 
locked to the data pattern rather than the clock. Circuitry 
within the DS92LV1224 can detect that the possibility of 
“false lock” exists. The circuitry accomplishes this by detect- 
ing more than one potential position for clocking bits. Upon 
detection, the circuitry will prevent the LOCK output from be- 
coming active until the potential “false lock” pattern changes. 
The false lock detect circuitry expects the data will eventually 
change, causing the Deserializer to lose lock to the data pat- 
tern and then continue searching for clock bits in the serial 
data stream. Graphical representations of RMT are shown in 
Figure 1. Please note that RMT only applies to bits 
DINO-DIN8. 
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Powerdown 


When no data transfer occurs, you can use the Powerdown 
state. The Serializer and Deserializer use the Powerdown 
state, a low power sleep mode, to reduce power consump- 
tion. The Deserializer enters Powerdown when you drive 
PWRDN and REN low. The Serializer enters Powerdown 
when you drive PWRDN low. In Powerdown, the PLL stops 
and the outputs enterTRI-STATE, which disables load cur- 
rent and reduces supply current to the milliampere range. To 
exit Powerdown, you must drive the PWRDN pin high. 


Before valid data exchanges between the Serializer and De- 
serializer, you must reinitialize’ and resynchronize the de- 
vices to each other. Initialization of the Serializer takes 510 
TCLK cycles. The Deserializer will initialize and assert LOCK 
high until lock to the Bus LVDS clock occurs. 


TRI-STATE 


The Serializer enters TRI-STATE when the DEN pin is driven 
low. This puts both driver output pins (DO+ and DO-) into 
TRI-STATE. When you drive DEN high, the Serializer returns 
to the previous state, as long as all other control pins remain 
static (SYNC1, SYNC2, PWRDN, TCLK_R/F). - 

When you drive the REN pin low, the Deserializer enters 
TRI-STATE. Consequently, the receiver output pins 
(ROUTO—ROUT9) and RCLK will enter TRI-STATE. The 
LOCK output remains active, reflecting the state of the PLL. 





TABLE 1. 


Random Lock Times for the DS92LV1224 | 


40 MHz 66 MHz 


a Unis 
26 18 


1) Difference in lock times are due to different starting points in the data pat- 
tern with multiple parts. 
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Package 
MSA28 
MSA28 
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DIN8 Held Low-DIN9 Held High Creates an RMT Pattern 
FIGURE 1. RMT Patterns Seen on the Bus LVDS Serial Output 
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DS92CK16 


3V BLVDS 1 to 6 Clock Buffer/Bus Transceiver 


General Description 


The DS92CK16 1 to 6 Clock Buffer/Bus Transceiver isaone - 


to six CMOS differential clock distribution device utilizing Bus 
Low Voltage Differential Signaling (BLVDS) technology. This 
clock distribution device is designed for applications requir- 
ing ultra low power dissipation, low noise, and high data 
rates. The BLVDS side is a transceiver with a separate chan- 
nel acting as a return/source clock. 


The DS92CK16 accepts BLVDS (300 mV typical) differential 
input levels, and translates them to 3V CMOS output levels. 
An output enable pin OE , when high, forces all CLKgyz pins 
high. 

The device can be used a source synchronous driver. The 
selection of the source driving is controlled by the CrdCLkKjy,, 
and DE pins. This device can be the master clock, driving the 
inputs of other clock I/O pins in a multipoint environment. 


Easy master/slave clock selection is achieved along a back- 


plane. 


Function Diagram and Truth Table 






OE 


CLKI/O+ 


CLKI/0- 











Ce a 
repay x | vibe oow 
eax [vison 


L = Low Logic State 
H = High Logic State 
X = Irrelevant 

Z = TRI-STATE 


www.national.com 


| Features 


m™ Master/Slave clock selection in a backplane application 
m@ 125 MHz operation (typical) 

m 100 ps duty cycle distortion (typical) 

™ 50 ps channel to channel skew (typical) 

m 3.3V power supply design 

@ Glitch-free power on at CLKI/O pins 

m Low Power design (20 mA @ 3.8V static) 

m Accepts small swing (300 mV typical) differential signal 
levels 

Industrial temperature operating range (-40°C to +85°C) 
m Available in 24-pin TSSOP Packaging 


CLKourto 


DS101082-1 


Driver Mode Truth Table 
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Connection Diagram 


GND 























1 

OE ~4 2 

NC —4 3 

Yoon “1% 
GNDA 5 
CLKI/O+ —4 6 
CLKI/0- 7 
8 


GNDA 
CrdCLkiy 
NC 

DE 
GND 











wo 





—_~ ee 
No — oO 








Vee 


23 F= CLKoyzo 
22 f= GND 
21 FR CLK yy 
20 F Voc 


CLKgyt2 


19 
DS92CKI6TMTC 
18 GND 


CLKgy73 





Voc 
CLKoyt4 
GND 
CLKgyts 
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Order Number DS92CK16TMTC 
See NS Package Number MTC24 


TSSOP Package Pin Description 


a SC. Ea 
CLKIV/O- 

ne 
a 
CLK out 13, 15, M 19, 21, Nha inna 
CrdCLkiny 

; — - 
GND 1, 12, 14, 18, 22 
: 
[ 


Description 
True (Positive) side of the differential clock input. 















ae 2 Bee: ee Complementary (Negative) side of the differential clock input. 


OE; this pin is active Low. When High, this pin forces all CLKgyt 
pins High. When Low, CLK yy pins logic state is determined by 
either the CrdCLK,,, or the VID at the CLK/I/O pins with respect to 
the logic level at the DE pin. This pin has a weak pullup device to 


Voc. If OE is floating, then all CLKoy- pins will be High. 


DE; this pin is active LOW. When Low, this pin enables the 
CardCLKjy signal to the CLKI/O pins and CLKoyz pins. When High, 
the Driver is TRI-STATE®, the CLKI/O pins are inputs and determine 
the state of the CLKgy; pins. This pin has a weak pullup device to 


Voc: If DE is floating, then CLKI/O pins are TRI-STATE. 


6 Buffered clock (CMOS) outputs. 


Input clock from Card (CMOS level or TTL level). 


1 Analog Vcca (Internally separate from Voc, connect externally 
or use separate power supplies). No special power sequencing 
required. Either Voc, Or Voc can be applied first, or simultaneously 


apply both power supplies. 
GND 


Analog Vcca (Internally separate from Voc, connect externally or use 
separate power supplies). No special power sequencing required. 
Either Voca Or Veo can be applied first, or simultaneously apply both 


power supplies. 


Analog Ground (internally separate from Ground must be connected 


externally). 
No Connects 
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Section 10 
Interface - Serial Digital 
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Serial Digital Interface (SDI) Introduction 


The Serial Digital Interface product family consists of 
two groups of products optimized for Digital Video and 
Telecommunications applications. The line driver, 
receiver/equalizer, and crosspoint switch devices may 
also be employed in general applications where there 
exists a need to transfer high-speed serial information 
great distances. 


The Serial Digital Video (SDV) products provide line 
driving, receiving/equalization, —_retiming/clock-data 
separation, and switching functions. Also encoding/ 
decoding functions are provided for Society of Motion 
Picture and Television Engineers (SMPTE) standards 
125M Component video and 244M composite video 
transmission. The devices are most commonly for use 
in source, routing and destination equipment. Applica- 
tions include: Video Cameras, Signal Generators, Digi- 
tal Video Routers and Switchers, Distribution Amplifiers, 
Video Tape Recorders, Telecines and similar applica- 
tions. 


The Synchronous Digital Heirarchy (SDH) products 
provide line driving, receiving/equalization, retiming/ 
clock-data separation, and switching functions. This 
family of parts is targeted at Telecommunications appli- 1 8) 
cations in SDH/Sonet, ATM equipment, and other high 
spesed serial data transmission applictions. These de- 
vices may be utilized in ADMs (Add Drop Mux), DCC 


(Digital Cross Connect) and repeater applications in the 
digital telecommunication infrastructure. 


These products provide Interface Designers with new 
alternatives for use in “high speed - long distance” data 
transmission appplications. 
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4 SDI Selection Guide 
SDV—Serial Digital Video Products 


cucoos | Diver —SSC*dSCtC‘“t to CPCS 
“CLco07 | Driver wih Dual Ouiputs [acto vase —~| SSS 0OSSC~SCt 
CLCO1t | Decoder =i SSCS ~C*dYSCSCS~*tiSSC*d;SCti‘ 
cicors | Eqalzer ——=SC«dSC*‘“‘ OWS C*YSCSCSOSC*dtSC*«a 
[4080 
C10 485 50 
: 400 


25 
_ =40° 25 
50 
; oe 180 
CLco16 | Retimer ” 130 
oLo0t8 50 
| | 220 | 
| i 220 


SDI Selection Guide 


cicoat | Serer ——=«dtSSCSCt To TOTS woo if 220 


SDH—Serial Digital Hierarchy (Telecom) 


| Function | Temperature Range | Data Rate (Mbps) Jitter (ps) 
-40°C to +85°C 622 25 
°C 622 










Part No. | 
CLC005 


CLC012 







_ -40°C to +85°C 150 
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CLC005 
ITU-T G.703 Cable Driver with Adjustable Outputs 


General Description Key Specifications 


National's Comlinear CLC005 is a monolithic, high-speed ™ 650 ps rise and fall times 
cable driver designed for the ITU-T G.703 serial digital data m Data rates to 622 Mbps 
transmission standard. The CLC005 drives 75Q transmis- = 200 mV differential input 
sion lines (Belden 8281 or equivalent) at data rates from DC sm Low residual jitter (25 PSpp ) 
to over 622 Mbps. Output signal waveforms produced by the 

CLC005 comply with G.703 specifications. Controlled output: 

rise and fall times (650 ps typical) minimize transition- Features 
induced jitter. The output voltage swing, typically 2.0V, setby | ™ No external pull-down resistors 
an accurate, low-drift internal bandgap reference, delivers a  ™@ Adjustable output amplitude 
1.0V swing to back-matched and terminated 75Q cable. Out- © Differential input and output 
put swing is adjustable from 0.7 V,_, to 2.2 V,., using exter- m= Low power dissipation 

nal resistors. m Single +5V or -5.2V supply 
The CLC005’s class AB output stage consumes less power 

than other designs, 185 mW with both outputs terminated, Applications 


and requires no external bias resistors. The differential in- 
puts accept a wide range of digital signals from 200 mV,,, to . head G08, SoneusPt ane ‘ Te compat’ aIver 
w Digital routers and distribution amplifiers 


G.703 levels within the specified common-mode limits. All as Be 
this make the CLC005 an excellent general purpose high  ™ Coaxial cable driver for digital transmission line 

speed driver for digital applications. = Twisted pair driver 

The CLCO005 is powered from a single +5V or -5.2V supply ™ Buffer applications 

and comes in an 8-pin SOIC package. 


Typical Application 








75Q. Coax Vo 


75Q 
75Q. Coax 
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Typical Performance Characteristic 


311 Mbps Eye Pattern 
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Order Number CLCOO5AJE 
See NS Package Number MO08A 
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National Semiconductor 


Serial Digital Cable Driver with Adjustable Outputs 


General Description 


National’s Comlinear CLCO06 is a monolithic, high-speed 
| cable driver designed for the SMPTE 259M serial digital 
video data transmission standard. The CLCO06 drives 75 
transmission lines (Belden 8281 or equivalent) at data rates 
up to 400 Mbps. Controlled output rise and fall times (650 ps 
typical) minimize transition-induced jitter. The output voltage 
swing, typically 1.65V, set by an accurate, low-drift internal 
bandgap reference, delivers an 800 mV swing to back- 
matched and terminated 75Q cable. Output swing is adjust- 
able from 0.7 V,., to 2 V,., using external resistors. 

The CLC006’s class AB output stage consumes less power 
than other designs, 185 mW with both outputs terminated, 
and requires no external bias resistors. The differential in- 
puts accept a wide range of digital signals from 200 mV,,,, to 
ECL levels within the specified common-mode limits. All this 
make the CLCO006 an excellent general purpose high speed 
driver for digital applications. 

The CLCO06 is powered from a single +5V or —5.2V supply 
and comes in an 8-pin SOIC package. 


Key Specifications 
m™ 650 ps rise and fall times 

m= Data rates to 400 Mbps 

= 200 mV differential input 

m Low residual jitter (25 ps,,, ) 


Features 


m No external pull-down resistors 

m™ Adjustable output amplitude 

= Differential input and output 

m Low power dissipation 

m@ Single +5V or -5.2V supply 

m Replaces GS9008 in most applications 


Typical Application 





Applications 

m Digital routers and distribution amplifiers 

= Coaxial cable driver for digital transmission line 

m Twisted pair driver 

@ Serial digital video interfaces for the commercial and 
broadcast industry 

@ SMPTE, Sonet/SDH, and ATM arene driver 

= Buffer applications 


270Mbps Eye Pattern 





3 4 
Time (1ns/div) 
DS100084-1 


Connection Diagram (8-Pin SOIC) 
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Order Number CLCOO6AJE 
See NS Package Number M08A 


75Q Coax 







Vo 


1Q. 





75Q Coax 
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CLC007 


AY national Semiconductor 


Serial Digital Cable Driver with Dual Complementary 


Outputs 


General Description 


National’s Comlinear CLC007 is a monolithic, high-speed 
cable driver designed for the SMPTE 259M serial digital 
video data transmission standard. The CLC007 drives 75Q 
transmission lines (Belden 8281 or equivalent) at data rates 
up to 400 Mbps. Controlled output rise and fall times (650 ps 
typical) minimize transition-induced jitter. The output voltage 
swing, typically 1.65V, set by an accurate, low-drift internal 
bandgap reference, delivers an 800 mV swing to back- 
matched and terminated 75Q cable. 


The CLC007’s class AB output stage consumes less power 
than other designs, 195 mW with all outputs terminated, and 
requires no external bias resistors. The differential inputs ac- 
cept a wide range of digital signals from 200 mV,., to ECL 
levels within the specified common-mode limits. All this 
make the CLC007 an excellent general purpose high speed 
driver for digital applications. —_ | 


The CLC007 is powered from a single +5V or -5.2V supply 


_ and comes in an 8-pin SOIC package. 


Key Specifications 

m 650 ps rise and fall times 

m Data rates to 400 Mbps 

m 2 sets of complimentary outputs 
m@ 200 mV differential input 

= Low residual jitter (25 ps,,) 


Features 


m No external pull-down resistors 


 § Differential input and output 


=m Low power dissipation 
m Single +5V or -5.2V supply 
m Replaces GS9007 in most applications 


Typical Application 
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Applications de 

# Digital routers and distribution amplifiers 

= Coaxial cable driver for digital transmission line 
m= Twisted pair driver . 

® Digital distribution amplifiers 

= SMPTE, Sonet/SDH, and ATM compatible driver 
= Buffer applications | 


270Mbps Eye Pattern 










0 8 


; -3 4 
Time ({ns/div) 
DS100085-1 


Connection Diagram (8-Pin SOIC) 
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Order Number CLCO07AJE 
See NS Package Number M08A 


uF 75Q Coax 
uF 75Q. Coax fra 
75Q . 


0.1uF 75Q Coax 750 
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CLCO11 
Serial Digital Video Decoder 


General Description 


National’s Comlinear CLC011, Serial Digital Video Decoder, 
decodes and descrambles SMPTE 259M standard Serial 
Digital Video datastreams with serial clock into 10-bit parallel 
words and a corresponding word-rate clock. SMPTE 259M 
standard parallel data is encoded and scrambled using a 
9-bit shift register and is also converted from NRZ to NRZI. 
The CLC011 restores the original parallel data by reversing 
the encoding process. The CLC011 also extracts timing in- 
formation embedded in the SDV data. These reserved code 
words, known as Timing Reference Signals (TRS), indicate 
the start and end of each active video line. By decoding the 
TRS, the CLCO11 correctly identifies the word boundaries of 
the encoded input data. Detection of the TRS reserved 
codes is indicated by low-true signals at the TRS and End of 
Active Video (EAV) outputs. 


The CLC0O11’s design using current-mode logic (CML) re- 


National Semiconductor 


which feature controlled rise and fall times, may be set for ei- 
ther 3.3V or 5V swings with the VDP and VCP inputs. 

The CLC011 Serial Digital Video Decoder, CLC014 Adaptive 
Cable Equalizer and the CLC016 Data Retiming PLL com- 


bine to provide a complete Serial Digital Video receiver sys- | 


tem. 
The CLC011 is packaged in a 28-pin PLCC. 


Features 

m Data decoding and deserializing 

= CLCO11B operates to 360Mbps 

m® Low noise injection to power supplies 

m@ Single +5V or -5.2V supply operation 

= Output levels programmable for interface to 5V or 3.3V 
logic 

m Low power 














duces noise injection into the power supply thereby easing ™ Low cost 
board layout and interfacing. The CMOS compatible outputs, 
Block Diagram 
NRZI DESC 
O © VDP 
O 
| 
> —o 
SDATA O Synchronizer Descrambler we ree, ! = Recctet [e * — PDO-9 
>—O 







Delayed Clock 


2 
SCLK © 


FE O 
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Advanced Clock 


BIT6 





© VCP 
! 
Z > © PCLK 
> © EAV 
Framer te 
> © TRS 
>——O NSP 
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CLCO011 


Connection Diagram 


Pin Descriptions 


Name 
EAV 


Vee 

NC 

SDI+, SDI- 
SCl+, SCI- 
NRZI 
DESC 

FE 


Voc 
VCP 


NSP 


TRS 
PCLK 


PDO-9 


VDP 
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28-Pin PLCC 
Order Number CLC011BCQ 
See NS Package Number V28A 


Description 


End of active video flag. For component video, a logic low is output for one cycle of the 
parallel clock every time an EAV timing reference is detected. The pulse is aligned with the 
fourth word of the timing reference (the XYZ word). For composite video, this line is always 
asserted high. 


Negative supply pins. 

Unused pin. 

Differential serial data inputs. 

Differential serial clock inputs. 

A logic high at this pin enables NRZI-to-NRZ conversion. 

A logic high at this pin enables descrambling. 

Frame enable. Enables resynchronization of the parallel word at the next TRS. 

Positive supply pin. 

Parallel clock high level programming pin. The voltage at this supply pin defines the logic high 
level for the parallel clock output. 


New sync position. Indicates that the most recent TRS is in a new position relative to the 
previous TRS. Remains high until the parallel rate clock is aligned properly with the TRS. 


Timing reference flag. A logic low is output for the duration of the TRS. 


Parallel clock output. The rising edge of this clock is located at the center of the parallel data 
window. 


Parallel data outputs. 


Parallel data high level programming pin. The voltage at this supply pin defines the logic high 
level for the data outputs. : 
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CLC012 


National Semiconductor 


Adaptive Cable Equalizer for ITU-T G.703 Data Recovery 


General Description 


National’s CLC012 adaptive cable equalizer is a low-cost 
monolithic solution for equalizing data transmitted over cable 
(or any media with similar dispersive loss characteristics). 
The CLC012 simplifies the task of high-speed data recovery 
with a one-chip solution and a minimal number of external 
components. The equalizer automatically adapts to equalize 
any cable length from zero meters to lengths that attenuate 
the signal by 40 dB at 200 MHz. This corresponds to 300 
meters of Belden 8281 or 120 meters of Category 5 UTP 
(unshielded twisted pair). 


The CLC012 provides superior jitter performance: 180ps,, 
for 270 Mbps data that has passed through 200 meters of 
Belden 8281 cable. This exceptional performance provides 
wide error margin in digital data links. The equalizer operates 
on a single supply with a power consumption of only 290 
mW. The small 14-pin SOIC package allows for high-density 
placement of components for multi-channel applications 
such as routers. The equalizer operates over a wide range of 
data rates from less than 50 Mbps to rates in excess of 650 
Mbps. 

The equalizer is flexible in allowing either single-ended or 
differential input drive. Its high common mode rejection pro- 
vides excellent immunity to interference from noise sources. 
On-chip quantized feedback eliminates baseline wander. 
Additional features include a Loss of Signal output and an 
output mute pin which, when tied together, mute the output 
when no signal is present. A buffered eye monitor output is 
provided, for viewing the equalized signal prior to the com- 


Typical Application 





1N4148 
\Z 
ITU G.703 level 2d0B 750 ECL level 
Attenuator 
Adaptive Cable P 
0.1uF 68.12 Coaxial Cable 15.02 0.1uF 100Q Equalizer 0.1u 
ECL Outputs 
Levels 0 
CLC012 
36.52 LOS 
O.1NF 68 410 — 


(anf 75a ditional 


Channels 
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parator. Differential AEC pins allow the user to set the inter- 
nal adaptive loop time constant with one external capacitor. 


Features 

= Automatic equalization of coaxial and twisted pair cables 
= Loss of Signal detect and output mute 

= Output eye monitor 

= Single supply operation: +5V or -5.2V 

@ Single-ended or differential input 

m= Low cost 


Applications 

m ITU-T G.703 serial data recovery 

® Serial digital data routing and distribution 

# Serial digital data equalization and reception 


m Data recovery equalization: ATM, CAD networks, 
medical, set top terminals, industrial video networks 


Key Specifications 

= Low jitter: 180ps,,, @ 270 Mbps through 200 meters of 
Belden 8281 coaxial cable 

m High data rates: < 50 Mbps to > 650 Mbps 

= Excellent input return loss: 19 dB @ 270 MHz 

= Low supply current: 68 mA 

m Equalizes up to 300+ meters of Belden 8281 or 120 
meters of Cat 5 UTP cable 


Vee 















0.1pF CaEc 
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CLC012 


Typical Application (Continued) 


Before Equalization: 622Mbps 
200m of Belden 8281 Coaxial Cable 







DS100145-2 


Connection Diagram 


Vec 
Voc 
OEM 
Voc 
LOS 
AEC+ 


AEC- 
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After Equalization: 622Mbps 
200m of Belden 8281 Coaxial Cable 





DS100145-3 


Pinout SOIC 





DI 


DS100145-1 


14-Pin SOIC 
Order Number CLC012AJE 
See NS Package Number M14A 
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CLCO014 


National Semiconductor 


VLOOT9 


Adaptive Cable Equalizer for High-Speed Data Recovery 


General Description 


National’s CLC014 adaptive cable equalizer is a low-cost 
monolithic solution for equalizing data transmitted over cable 
(or any media with similar dispersive loss characteristics). 
The CLC014 simplifies the task of high-speed data recovery 
with a one-chip solution and a minimal number of external 
components. The equalizer automatically adapts to equalize 
any cable length from zero meters to lengths that attenuate 
the signal by 40 dB at 200 MHz. This corresponds to 300 
meters of Belden 8281 or 120 meters of Category 5 UTP 
(unshielded twisted pair). 


The CLC014 provides superior jitter performance: 
180ps,,, for 270 Mbps data that has passed through 200 
meters of Belden 8281 cable. This exceptional perfor- 
mance provides wide error margin In digital data links. 
The equalizer operates on a single supply with a power con- 
sumption of only 290 mW. The small 14-pin SOIC package 
allows for high-density placement of components for multi- 
channel applications such as routers. The equalizer oper- 
ates over a wide range of data rates from less than 50 Mbps 
to rates in excess of 650 Mbps. 


The equalizer is flexible in allowing either single-ended or 
differential input drive. Its high common mode rejection pro- 
vides excellent immunity to interference from noise sources. 
On-chip quantized feedback eliminates baseline wander. 


Additional features include a carrier detect output and an 
output mute pin which, when tied together, mute the output 
when no signal is present. A buffered eye monitor output is 
provided, for viewing the equalized signal prior to the com- 
parator. Differential AEC pins allow the user to set the inter- 


Typical Application 


0.1 wF 750 Coaxial Cable 
ECL 
Levels 
0.1 uF 750 
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Additional 
Channels 


nal adaptive loop time constant with one external capacitor. 
Also, the CLC014 is insensitive to the pathological patterns 
inherent in the video industry standards. 


Features 


= Automatic equalization of coaxial and twisted pair cables 
m Carrier detection and output mute 

Output eye monitor 

Single supply operation: +5V or -5.2V 

Single-ended or differential input 

Low cost 


Applications 

m SMPTE 259M serial digital interfaces: NTSC/PAL, 4:2:2 
component and wide screen; also 540 Mbps (4:4:4:4) 

= Serial digital video routing and distribution 

m@ Serial digital data equalization and reception 

m Data recovery equalization: ATM, CAD networks, | 
medical, set top terminals, industrial video networks 

Key Specifications 

m Low jitter: 180ps,,, @ 270 Mbps through 200 meters of 
Belden 8281 coaxial cable 

m@ High data rates: < 50 Mbps to > 650 Mbps 

m= Excellent input return loss: 19 dB @ 270 MHz 

m Low supply current: 58 mA 

m Equalizes up to 300+ meters of Belden 8281 or 120 
meters of Cat 5 UTP cable 







Adaptive Cable 


0.1 uF 1000 Equalizer 


0.1 an Cyec 


CLCO14 
DS100056-4 
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Typical Application (continued) 


Before Equalization 


o 270Mbps data through 300m 
of Belden 8281 coax cable 





After Equalization 


oo 


t 


| 270Mbps data through 300m — 
of Belden 8281 coax cable 





DS1 Pear DS100056-3 


Connection Diagram 
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Pinout SOIC 





DS100056-1 


14-Pin SOIC 
Order Number CLC0O14AJE 
See NS Package Number M14A 
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CLC016 
Data Retiming PLL with Automatic Rate Selection 


General Description Features 


National’s Comlinear CLC016 is a low-cost, monolithic, data ™ Retimed data output 
retiming phase-locked loop (PLL) designed for high-speed _™ Recovered clock output 


serial clock and data recovery. The CLC016 simplifies high- =m Auto and manual rate select modes 

speed data recovery in multi-rate systems by incorporating m™ Four user-configurable data rates 

auto-rate select (ARS) circuitry on chip. This function allows = No potentiometers required 

the user to configure the CLC016 to recognize up to four dif- m External loop bandwidth control 

ferent data rates and automatically adjust to provide accu- ats 

rate, low-jitter clock and data recovery. A single resistor is _™ Frequency detector for lock acquisition 

used to set each data rate anywhere between 40 Mbps and ®™ Carrier detect output 

400 Mbps. No potentiometers, crystals, or other external ICs = ™ Output MUTE function 

are required to set the rate. m@ Single supply operation: +5V or -5.2V 
m™ Low cost 


The CLC016 has output jitter of only 130 ps, at a 270 Mbps 
data rate and 0.25% fractional loop bandwidth. Low phase ee : 
detector output offset and low VCO injection combine to en- Key Specifications 
sure that the CLC016 does not generate bit errors or large gw | ow jitter; 130 ps,, @ 270 Mbps, 0.25% fractiona! loop 
phase Lal ead in response to enone estrone in data bandwidth (0.675 MHz) 
transition density. The result is improved performance when ; 
handling the pathological patterns inherent in the SMPTE oe eS a shies a hs frie) 
259M video industry standard. PPly Sultan Mss ne BOG CURR RIAS 
m Flexible fractional loop bandwidth: from 0.05% to 0.5% 
The carrier detect and output mute functions may be used 
together to automatically latch the outputs when no data is 
present, preventing random transitions. The external loop fil- Output Data and Clock, Differential 
ter allows the user to tailor the loop response to the specific : 3 
application needs. The CLC016 will operate with either +5V oo 
or -5.2V power supplies. The serial data inputs and outputs, 
as well as the recovered clock outputs, allow single- or 
differential-ECL interfacing. The logic control inputs are TTL- 
compatible. 
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Applications 

m SMPTE 259M serial digital interfaces: NTSC/PAL, 4:2:2 
component, 360 Mbps wide screen 

@ Serial digital video routing and distribution 

m™ Clock and data recovery for high-speed data 
transmission 

m Re-synchronization of serial data for SONET/SDH, ATM, 
CAD networks, medical and industrial imaging 500ps/div 
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CLC016ACQ 0°C to +70°C PLCC V28A 
CLC016AJQ —40°C to +85°C PLCC V28A 
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CLC016 


Typical Application 


Four-Rate Clock and Data Recovery with Automatic Rate Selection 








DS100087-3 


28-pin PLCC 
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CLC018 
| 8 x 8 Digital Crosspoint Switch, 1.4 Gbps 


General Description The CLC018 is fabricated on a high-performance BiCMOS 


a process and is available in a 64-lead plastic quad flat pack 
National’s Comlinear CLC018 is a fully differential 8x8 digital (p@rpy. 


crosspoint switch capabie of operating at data rates exceed- 
ing 1.4 Gbps per channel. Its non-blocking architecture uti- 
lizes eight independent 8:1 multiplexers to allow each output Features 

to be independently connected to any input and any inputto ™ Fully differential signal path 

be connected to any or all outputs. Additionally, each output + ™ Non-Blocking 

can be individually disabled and set to a high-impedance __m Flexible expansion to larger array sizes with very low 
state. This TRI-STATE® feature allows flexible expansion to power 

larger switch array sizes. = Single +5/—5V or dual +5V operation 

Low channel-to-channel crosstalk allows the CLC018 to pro- mm TRI-STATE® outputs 

vide superior all-hostile jitter of 50 pSpp. This excellent signal | Double row latch architecture 

fidelity along with low power consumption of 850 mW make —s_w_64-lead POFP package 

the CLC018 ideal for digital video switching plus a variety of 
data communication and telecommunication applications. 


The fully differential signal path provides excellent noise im Applications 

munity, and the I/Os support ECL and PECL logic levels. In = Serial digital video routing (SMPTE 259M) 
addition, the inputs may be driven single-ended or differen- © Telecom/datacom switching 

tially and accept a wide range of common mode levels in- ™ ATM SONET 

cluding the positive supply. Single +5V or -5V supplies or senate sae 

dual +5V supplies are supported. Dual supply mode allows Key Specifications 

the control signals to be referenced to the positive supply = High speed: >1.4 Gbps 

(+5V) while the high-speed I/O remains ECL compatible. 





; = Low jitter: 
The double row latch architecture utilized in the CLC018 al- <50 pSpp for rates <500 Mbps 
lows switch reprogramming to occur in the background dur- <100 ps pp for rates <1.4 Gbps 


ing operation. Activation of the new configuration occurs with 
a single “configure” pulse. Data integrity and jitter perfor- 
mance on unchanged outputs are maintained during recon- 
figuration. Two reset modes are provided. Broadcast reset 
results in all outputs being connected to input port DIO. 
TRI-STATE Reset results in all outputs being disabled. 


m Low power; 850 mW with all outputs active 
m= Fast output edge speeds: 250 ps 


CLC018 Block Diagram 


Output Eye Pattern, 1 eee 







a 





150ps/div 
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Input Address TRI Output Address 
DS100088-2 
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CLC020 


National Semiconductor 


SMPTE 259M Digital Video Serializer with Integrated 


Cable Driver 


General Description 


The CLC020 SMPTE 259M Digital Video Serializer with Inte- 
grated Cable Driver is a monolithic integrated circuit that en- 
codes, serializes and transmits bit-parallel digital data con- 
forming to SMPTE 125M and SMPTE 267M component 
video and SMPTE 244M composite video standards. The 
CLC020 can also serialize other 8 or 10-bit parallel data. The 
CLC020 operates at data rates from below 100 Mbps to over 
400 Mbps. The serial data clock frequency is internally gen- 
erated and requires no external frequency setting compo- 
nents, trimming or filtering*. Functions performed by the 
CLC020 include: parallel-to-serial data conversion, data en- 
coding using the polynomial (X°+X*+1), data format conver- 
sion from NRZ to NRZI, parallel data clock frequency multi- 


_ plication and encoding with the serial data, and coaxial cable 


driving. Input for sync (TRS) detection disabling and a PLL 
lock detect output are provided. The CLC020 has an exclu- 
sive built-in self-test (BIST) and video test pattern generator 
(TPG) with 4 component video test patterns, reference 
black, PLL and EQ pathologicals and modified colour bars, in 
4:3 and 16:9 raster and both NTSC and PAL formats*. Sepa- 
rate power pins for the output driver, VCO and the digital 
logic improve power supply rejection, output jitter and noise 
performance. 


The CLC020 is the ideal complement to the CLC011B 
SMPTE 259M Serial Digital Video Decoder, CLC014 Active 
Cable Equalizer, CLC016 Data Retiming PLL (clock-data 
separator), CLC018 8X8 Digital Crosspoint Switch and 
CLCO06 or CLCOO7 Cable Drivers, for a complete 
parallel-serial-parallel, high-speed data processing and 
transmission system. 

The CLC020 is powered from a single 5V supply. Power dis- 
typically 235 mW including two 75Q 
back-matched output loads. The device is packaged in a 
JEDEC 28-lead PLCC. 


Typical Application 







1 uF 750, Coaxial Cable 1 wF 


Features 

m= SMPTE 259M serial digital video standard compliant 

m No external serial data rate setting or VCO filtering 
components required* 

™ Built-in self-test (BIST) and video test pattern generator 
(TPG) with 16 internal patterns* 

= Supports all NTSC and PAL standard component and 
composite serial video data rates 

= HCMOS/TTL-compatible data and control inputs and 
outputs 

m 75Q ECL-compatible, differential, serial cable-driver 
outputs 

m Fast VCO lock time: <75 us 

m@ Single +5V TTL or —5V ECL supply operation 

m Low power: 235 mW typical 

m 28-lead PLCC package 

= Commercial temperature range 0°C to +70°C 


Applications 

m™ SMPTE 259M parallel-to-serial digital video interfaces 

for: 

— Video cameras 

— VTRs 

— Telecines 

— Video test pattern generators and digital video test 
equipment 

Non-SMPTE video applications 

Other high data rate parallel/serial video and data 

systems 


* Patents applications made or pending. 










SMPTE CLCO14 

: CLC020 : 
vides I spv Serializer/ Adaptive 
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Block Diagram 
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Order Number CLCO20ACQ 
See NS Package Number V28A 
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CLC021 


PRELIMINARY | 


National Semiconductor 


SMPTE 259M Digital Video Serializer with EDH 


Generation/Insertion 


General Description 


The CLC021 SMPTE 259M Digital Video Serializer with EDH 
Generation and Insertion is a monolithic integrated circuit 
that encodes, serializes and transmits bit-parallel digital data 
conforming to SMPTE 125M and 267M component video 
and SMPTE 244M composite video standards. The CLC021 
can also serialize other 8- or 10-bit parallel data. The 
CLC021 operates at data rates from below 100 Mbps to over 
400 Mbps. The serial data clock frequency is internally gen- 
erated and requires no external frequency setting, trimming 
or filtering components”. 


Functions performed by the CLC021 include: parallel-to- 
serial data conversion, ITU-R BT.601-4 input data clipping, 
data encoding using the SMPTE polynomial (X°+X*+1), data 
format conversion from NRZ to NRZI, parallel data clock fre- 
quency multiplication and encoding with the serial data, and 
differential, serial output data driving. The CLC021 has cir- 
cuitry for automatic EDH character and flag generation and 
insertion per SMPTE RP-165. The CLC021 has an exclusive 
built-in self-test (BIST) and video test pattern generator 
(TPG) with 16 component video test patterns: reference 
black, PLL and EQ pathologicals and modified colour bars in 
4:3 and 16:9 raster formats for NTSC and PAL formats’. 


The CLC021 has inputs for enabling sync detection, non- 
SMPTE mode operation, enabling the EDH function, NRZ/ 
NRZI mode control and an external reset control. Outputs 
are provided for H, V and F bits, new TRS sync character po- 
sition indication, ancilliary data header detection, NTSC/PAL 
raster indication and PLL lock detect. Separate power pins 
for the output driver, VCO and the serializer improve power 
supply rejection, output jitter and noise performance. 

The CLC021VGZ-5.0V is powered by a single +5V supply. 
The CLC021VGZ-3.3V is powered by a single +3.3V supply. 
Power dissipation is typically 235 mW including two 75Q 
back-matched output loads. The device is packaged ina 
JEDEC metric 44-lead PQFP. 


Typical Application 







SMPTE 
Video 
Data 
Input 





CLC021 
SDV Serializer/ 
Cable Driver 


75Q Coaxial Cable 


| ‘ ) SMPTE 259M ) , 
75Q i 
1% = 


Features 

= SMPTE 259M serial digital video standard compliant 

= Supports all NTSC and PAL standard component and 
composite serial video data rates 

= No external serial data rate setting or VCO filtering 
components required* 

m™ Fast VCO lock time: <75 us at 270 Mbps 

® Built-in self-test (BIST) and video test pattern generator 
(TPG) with 16 internal patterns* 

m Automatic EDH character and flag generation and 
insertion per SMPTE RP 165 

= Non-SMPTE mode operation as parallel-to-serial 
converter 

m NRZ-to-NRZI conversion control 

m™ HCMOS/LSTTL-compatible data and control inputs and 

~ outputs for CLC021VGZ-5.0, LVCMOS for 
CLC021VGZ-3.3 

m 75Q ECL-compatible, differential, serial cable-driver 
outputs 

= Single power supply operation: 5V (CLC021VGZ-5.0) or 
3.3V (CLC021VGZ-3.3) in TTL or ECL systems 

m Low power: typically 235 mW 

m JEDEC 44-lead metric PQFP package 

= Commercial temperature range 0°C to +70°C 


* Patents applications made or pending. 


Applications 
m@ SMPTE 259M parallel-to-serial digital video interfaces 
for: 
— Video cameras 
— VTRs 
— Telecines 
— Video test pattern generators and digital video test 
equipment 
— Video signal generators 
m Non-SMPTE video applications 
Other high data rate parallel/serial video and data 
applications 
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Block Diagram 
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Connection Diagram 
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44-Pin Metric PQFP 
Order Number CLC021VGZ-5.0 or CLC021VGZ-3.3 
See NS Package Number VGZ44A 
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SDI Nomenclature 


Note: The SDI (SDV & SDH) family part numbering nomen- 
clature adheres to the following methodology: 


PART NUMBER: CLC###ABCCC where: 
Example: CLCOOGAJE 
CLC = National’s Comlinear Product 
### = 3 digit unique part number 
A= 1 digit denoting differentiation in: 
die revision, or 
specification revision, or 
screeening, or 
other feature noted in the datasheet. 
B= 1 digit denoting operating temperature range: 
C = Commercial (0°C to 70°C) 
J = Industrial (-40°C to 85°C) 
CCC = 1 to 3 digits denoting package type: 
E = SOIC (SOP) Package 
Q = PLCC Package 
VJQ = PQFP Package 
MSA = SSOP Package 


Special Part Number Suffix (ABCCC) of “PCASM” denotes 
assembled Evaluation PCB 
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CLC532 


National Semiconductor 


High-Speed 2:1 Analog Multiplexer 


General Description 


The CLC532 is a high-speed 2:1 multiplexer with active input 
and output stages. The CLC532 innovative design employs 
a closed loop design which dramatically improves accuracy. 
This monolithic device is constructed using an advanced 
high-performance bipolar process. 

The CLC532 has been specifically designed to provide set- 
tling times of 17ns to 0.01%. Fast settling time, coupled with 
the adjustable bandwidth, and Channel-to-channel isolation 


= Low distortion - 80dBc @ 5MHz 
= Adjustable bandwidth—190MHz(max) 


Applications 

m Infrared system multiplexing 
m™ CCD sensor signals 

m Radar |I/Q switching 

@ High definition video HDTV 
= Test and calibration 


c€S919 


is better than 80dB @10MHz. Low distortion (-80dBc) makes 
the CLC532 an ideal choice for infrared and CCD imaging 


systems (-80dBc) and spurious signal levels make the Settling Time vs. R, 





CLC532 a very suitable choice for both I/Q processors and 0.04 
receivers. = " 0.03 LRRRSECES 
The CLC532 is offered in two_ industrial versions, (ii R= 1000 i 
CLC532AJUP\AJE, specified from -40°C to +85°C and pack- ee ORs 
aged in 14-pin plastic DIP14-pin and SOIC packages. ~ 0.01 

Enhanced Solutions (Military/ Aerospace E 0 

SMD Number: 5962-92035 o> 

; = -0.01 

*Space level versions also available. = iy 

*For more information, visit http:/Awww.national.com/mil 7 0.02 | (| + 
Features oon LLM — 
m 17ns 12-bit settling time to .01% 0 10 20 30 40 50 60 70 80 90100 
mw Low noise — 32uVrms Time (ns) 
w High isolation - 80dB @ 10MHz Pee 


Typical Application 
Connection Diagram 





CHANNEL A 
O 


GND L31 140] +V 
Vout ce 
: IN, C2 131 +Veq 

cno C3 12 [0 COMP, 


T Coun, 





SELECT [7 81 Ver 
CHANNEL 


SELECT 
DS012716-2 DS012716-4 


Pinout 
DIP & SOIC 


Ordering Information 


Package Temperature Range Packaging NSC 
Industrial Marking Drawing 


14-Pin Plastic DIP -40°C to +85°C CLC532AJP N14E 
14-Pin Plastic SOIC -40°C to +85°C CLC532AJE M14A,B 
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CLC533 





National Semiconductor 


CLC533 
High-Speed 4:1 Analog Multiplexer 


General Description = Low distortion — 80dBc @ 5MHz 


m Adj | idth -180MH 
The CLC533 is a:high-speed 4:1 multiplexer em ploying a Adjustable bandwidth —180MHz (max) 
tive input and output stages. The CLC533 innovative closed 


— loop design dramatically improves accuracy over conven- Applications 


tional analog multiplexer circuits. This monolithic device is ™ Infrared system multiplexing 


/ constructed using an advanced high-performance bipolar m™ CCD sensor signals 


process. m Radar I/Q switching 
The CLC533 has been specifically designed to provide a =m High definition video HDTV 
17ns settling time to 0.01%. Fast settling time, coupled with mm Test and calibration 
adjustable bandwidth, and channel-to-channel isolation of 
80dB @ 10MHz . Low distortion (-80dBc) makes the ; ; 
CLC533 an ideal choice for infrared and CCD imaging sys- Settling Time vs. Load 
tems (—80dBc) and spurious signal levels make the CLC533 
a very suitable choice for I/Q processors in radar receivers. 
The CLC533 is offered in two industrial versions, 
CLC533AJP\AJE specified from -40°C to +85°C and are 
packaged in 16-pin plastic DIP and SOIC packages. 
Enhanced solutions (Military/Aerospace 
SMD Number: 5962-93203 | 
*Space level versions also available. 
*For more information, visit http://www.national.com/ 


Settling Error (%) 


Features 
m 17ns 12-bit settling time to .01% 0 10 20 30 40 50 60 70 80 90 100 
m Low noise — 42uVrms Time (ns) 

m@ High Isolation 80dBc @ 10MHz DS012722-1 
m@ 110MHz — 3dB bandwidth (Ay= +2) 





Functional Diagram 





Channel A 





ECL Mode - Dorr = open 
TTL Mode - Deer = +5V 


Ay Ag Oper 


DS012722-2 
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Connection Diagram 


fES919 


OUTPUT 
COMP, 
Voc 


Oper 
COMP, 


Ay 
Ay 


{ 

2 
3 
4 
5 
6 
7 
8 


VEE 





DS012722-3 


Pinout 
DIP & SOIC 


Ordering Information 
Package Temperature Range Packaging NSC 
Industrial Marking Drawing 
16-Pin Plastic DIP -40°C to +85°C CLC533AJP N16E 
16-Pin Plastic SOIC -40°C to +85°C CLC533AJE M16A,B 
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LF198/LF298/LF398, LF198A/LF398A 


National Semiconductor 


LF198/LF298/LF398, LF198A/LF398A 
Monolithic Sample-and-Hold Circuits 


General Description 


The LF198/LF298/LF398 are monolithic sample-and-hold 
circuits which utilize BI-FET technology to obtain ultra-high 
dc accuracy with fast acquisition of signal and low droop 
rate. Operating as a unity gain follower, dc gain accuracy is 
0.002% typical and acquisition time is as low as 6 us to 
0.01%. A bipolar input stage is used to achieve low offset 
voltage and wide bandwidth. Input offset adjust is accom- 
plished with a single pin, and does not degrade input offset 


| drift. The wide bandwidth allows the LF198 to be included in- 


side the feedback loop of 1 MHz op amps without having sta- 
bility problems. Input impedance of 10'°Q allows high 
source impedances to be used without degrading accuracy. 


P-channel junction FET’s are combined with bipolar devices 
in the output amplifier to give droop rates as low as 5 mV/min 
with a 1 uF hold capacitor. The JFET’s have much lower 
noise than MOS devices used in previous designs and do 
not exhibit high temperature instabilities. The overall design 
guarantees no feed-through from input to output in the hold 
mode, even for input signals equal to the supply voltages. 


a 
a 
a 
| 
a 
m 0.002% gain accuracy 
a 
| 
a 
a 
| 


Features 
Operates from +5V to +18V supplies 
Less than 10 us acquisition time 
TTL, PMOS, CMOS compatible logic input 
0.5 mV typical hold step at C,, = 0.01 pF 
Low input offset 


Low output noise in hold mode . 

Input characteristics do not change during hold mode 

High supply rejection ratio in sample or hold 

Wide bandwidth 

Space qualified, JM38510 
Logic inputs on the LF198 are fully differential with low input 
current, allowing direct connection to TTL, PMOS, and 
CMOS. Differential threshold is 1.4V. The LF198 will operate 
from +5V to +18V supplies. 
An “A” version is available with tightened electrical 
specifications. 


Typical Connection and Performance Curve 






ANALOG INPUT O 


SAMPLE 


5V ——— 
LOGIC LOGIC 
INPUT = 


” HOLD 


DS005692-32 


Functional Diagram 


OFFSET 
O 


LOGIC 


LOGIC 1 
REFERENCE 
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Acquisition Time 


TIME (zs) 





HOLD CAPACITOR (uF) 
DS005692-16 





HOLD 
CAPACITOR 
DS005692-1 
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National Semiconductor 


LM231A/LM231/LM331 A/LM331 
Precision Voltaye-to-Frequency Converters 


General Description 


The LM231/LM331 family of voltage-to-frequency converters 
are ideally suited for use in simple low-cost circuits for 
analog-to-digital conversion, precision frequency-to-voitage 
conversion, long-term integration, linear frequency modula- 
tion or demodulation, and many other functions. The output 
when used as a voltage-to-frequency converter is a pulse 
train at a frequency precisely proportional to the applied in- 
put voltage. Thus, it provides all the inherent advantages of 
the voltage-to-frequency conversion techniques, and is easy 
to apply in all standard voltage-to-frequency converter appli- 
cations. Further, the LM231A/LM331A attain a new high 
level of accuracy versus temperature which could only be at- 
tained with expensive voltage-to-frequency modules. Addi- 
tionally the LM231/331 are ideally suited for use in digital 
systems at low power supply voltages and can provide 
low-cost analog-to-digital conversion in 
microprocessor-controlled systems. And, the frequency from 
a battery powered voltage-to-frequency converter can be 
easily channeled through a simple photoisolator to provide 
isolation against high common mode levels. 


The LM231/LM331 utilize a new temperature-compensated 
band-gap reference circuit, to provide excellent accuracy 


Typical Applications 


Rin 
100k +10% 
IN 
10V FULL-SCALE 


+Vg 


-Vs 
(OPTIONAL) 
OFFSET ADJUST = 


Vin , Rs 


1 
, 
2.09V R_ RC 





fouT = 


over the full operating temperature range, at power supplies 
as low as 4.0V. The precision timer circuit has low bias cur- 
rents without degrading the quick response necessary for 
100 KHz voltage-to-frequency conversion. And the output 
are capable of driving 3 TTL loads, or a high voltage output 
up to 40V, yet is short-circuit-proof against Voc. 


Features 


™ Guaranteed linearity 0.01% max 

@ Improved performance in existing voltage-to-frequency 
conversion applications 

@ Split or single supply operation 

m Operates on single 5V supply 

= Pulse output compatible with all logic forms 

m Excellent temperature stability, +50 ppm/°C max 

m= Low power dissipation, 15 mW typical at 5V 

m Wide dynamic range, 100 dB min at 10 kHz full scale 
frequency 

m Wide range of full scale frequency, 1 Hz to 100 kHz 

= Low cost 






10k +10% 










FULL-SCALE 


12k +1%* 
Rs 


5k* 
GAIN 
ADJUST 


DS005680-1 


LESIN V/V LEEW V/LECIN V/V LECINT 





*Use stable components with low temperature coefficients. See Typical Applications section. 
**Q.1uF or 1pF, See “Principles of Operation.” 
FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter 
with £0.03% Typical Linearity (f = 10 Hz to 11 kHz) 


11-7 www.national.com 


LM195/LM395 





-LM195/LM395 


National Semiconductor 


Ultra Reliable Power Transistors 


General Description | 


The LM195/LM395 are fast, monolithic power integrated cir- 
cuits with complete overload protection. These devices, 
which act as high gain power transistors, have included on 
the chip, current limiting, power limiting, and thermal over- 
load protection making them virtually impossible to destroy 
from any type of overload. In the standard TO-3 transistor 
power package, the LM195 will deliver load currents in ex- 
cess of 1.0A and can switch 40V in 500 ns. 


The inclusion of thermal limiting, a feature not easily avail- 
able in discrete designs, provides virtually absolute protec- 
tion against overload. Excessive power dissipation or inad- 
equate heat sinking causes the thermal limiting circuitry to 
turn off the device preventing excessive heating. 

The LM195 offers a significant increase in reliability as well 
as simplifying power circuitry. In some applications, where 
protection is unusually difficult, such as switching regulators, 


lamp or solenoid drivers where normal power dissipation is 


low, the LM195 is especially advantageous. 


The LM195 is easy to use and only a few precautions need 
be observed. Excessive collector to emitter voltage can de- 


_ Stroy the LM195 as with any power transistor. When the de- 


vice is used as an emitter follower with low source imped- 


Simplified Circuit 


| | COLLECTOR 





PROTECTION Ths 


CIRCUITRY 


BASE 





ance, it is necessary to insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower oscilla- 
tions. Although the device is usually stable as an emitter fol- 
lower, the resistor eliminates the possibility of trouble without 
degrading performance. Finally, since it has good high fre- 
quency response, supply bypassing is recommended. 

For low-power applications (under 100 mA), refer to the 
LP395. Ultra Reliable Power Transistor. 

The LM195/LM395 are available in the standard TO-3, Kovar 
TO-5, and TO-220 packages. The LM195 is rated for opera- 
tion from —55°C to +150°C and the LM395 from 0°C to 
+125°C. 


Features 

Internal thermal limiting 

Greater than 1.0A output current 

3.0 YA typical base current 

500 ns switching time 

2.0V saturation 

Base can be driven up to 40V without damage 
Directly interfaces with CMOS or TTL 

100% electrical burn-in 


1.0 Amp Lamp Fiasher 


yt 
12V 





DS006009-16 


EMITTER 


DS006009-1 
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Connection Diagrams 


TO-3 Metal Can Package 


TO-220 Plastic Package 


S6EW V/S6LIN] 


EMITTER 
BASE COLLECTOR | 
Ve ee COLLECTOR 
Pe emaneren EMITTER 
[i ee BASE 
CASE IS 
EMITTER DS006009-3 
Case is Emitter 
DS006009-2 Top View 
Bottom View Order Number LM395T 


Order Number LM195K/883 See NS Package Number T03B 


See NS Package Number K02A 
(Note 5) 


TO-5 Metal Can Package 


EMITTER 


2 O=we— BASE 





-—— COLLECTOR 


CASE IS EMITTER 
DS006009-4 
Bottom View 
Order Number LM195H/883 
See NS Package Number H0O3B 
(Note 5) 
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LM3046 


National Semiconductor 


LM3046 
Transistor Array 


General Description 


The LM3046 consists of five general purpose silicon NPN 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a 
differentially-connected pair. The transistors are well suited 
to a wide variety of applications in-low power system in the 
DC through VHF range. They may be used as discrete tran- 
sistors in conventional circuits however, in addition, they pro- 
vide the very significant inherent integrated circuit advan- 
tages of close electrical and thermal matching. The LM3046 
is supplied in a 14-lead molded small outline package. 


Schematic and Connection Diagram 


Features 
= Two matched pairs of transistors 

Vee Matched +5 mV 

Input offset current 2 uA max atlo = 1 MA 
m Five general purpose monolithic transistors 
m= Operation from DC to 120 MHz 
m= Wide operating current range 
mw Low noise figure: 3.2 dB typ at 1 kHz 


Applications 

m= General use in all types of signal processing systems 
operating anywhere in the frequency range from DC to 
VHF 

= Custom designed differential amplifiers 

= Temperature compensated amplifiers 


Small Outline Package 


SUBSTRATE 





DS007950-1 


Top View 
Order Number LM3046M 
See NS Package Number M14A 
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SSSI 


National Semiconductor 


LM555 
Timer 


General Description Features 


The LM555 is a highly stable device for generating accurate ™ Direct replacement for SE555/NE555 

time delays or oscillation. Additional terminals are provided Timing from microseconds through hours 

for triggering or resetting if desired. In the time delay mode of =m Operates in both astable and monostable modes 
operation, the time is precisely controlled by one external re- — m Adjustable duty cycle 

sistor and capacitor. For astable operation as an oscillator, Output can source or sink 200 mA 


the free running frequency and duty cycle are accurately 
controlled with two external resistors and one capacitor. The . . urput a eh rales 005% Cc 
circuit may be triggered and reset on falling waveforms, and m Temperature Stability Deter inan 0-002 Pet 

= Normally on and normally off output 


the output circuit can source or sink up to 200mA or drive 
TTL circuits. m Available in 8-pin MSOP package 


Applications 
Precision timing 

Pulse generation 
Sequential timing 

Time delay generation 
Pulse width modulation 
Pulse position modulation 
Linear ramp generator 





Schematic Diagram 


8 
Vec O 








THRESHOLD O 


(2/3 Vec) 








5 
CONTROL | 


TRIGGER O 


A 
RESET O 


7 
DISCHARGE © 


DS007851-1 
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LM555 


Connection Diagram 


Dual-In-Line, Small Outline 
and Molded Mini Small Outline Packages 


GND +Vcc 


: DISCHARGE 
[= , 
COMPAR TH RESHOLD 


TRIGGER 


OUTPUT 
ae 


CONTROL 


RESET VOLTAGE 







DS007851-3 


Top View 
Ordering Information 


Package Part Number 


BFin SOIC (|___~LMB5SCM [as Tg 
LM555CMX 2.5k Units Tape and Reel 
1k Units Tape and Reel 
MUA08A 


8-Pin MSOP LM555CMM | 
LM555CMMX 3.5k Units Tape and Reel 


8-Pin MDIP 













Package Marking 
~ LM555CM 
LM555CM 
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National Semiconductor 


LMC555 
CMOS Timer 


General Description 


The LMC555 is a CMOS version of the industry standard 
555 series general purpose timers. In addition to the stan- 
dard package (SOIC, MSOP, and MDIP) the LMC555 is also 
available in a chip sized package (8 Bump micro SMD) using 
National’s micro SMD package technology. The LMC555 of- 
fers the same capability of generating accurate time delays 
and frequencies as the LM555 but with much lower power 
dissipation and supply current spikes. When operated as a 
one-shot, the time delay is precisely controlled by a single 
external resistor and capacitor. In the stable mode the oscil- 
lation frequency and duty cycle are accurately set by two ex- 
ternal resistors and one capacitor. The use of National Semi- 
conductor’s LMCMOS™ process extends both the frequency 
range and low supply capability. 


Block and Connection Diagrams 


8-Pin SOIC, MSOP, 
and MDIP Packages 


LMCS55 


R= 100k0 


TRIGGER OISCHARGE 


OUTPUT THRESHOLD 


CONTROL 


RESET VOLTAGE 





DS008669-1 


Top View 


Pulse Width Modulator 










Output Thresh 


LMC555 


Reset 





Contro| O Modulation Input 


DS008669-20 


Features 
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Less than 1 mW typical power dissipation at 5V supply 
3 MHz astabie frequency capability 

1.5V supply operating voltage guaranteed 

Output fully compatible with TTL and CMOS logic at 5V 
supply 

Tested to -10 mA, +50 mA output current levels 
Reduced supply current spikes during output transitions 
Extremely low reset, trigger, and threshold currents 
Excellent temperature stability 

Pin-for-pin compatible with 555 series of timers 
Available in 8 pin MSOP Package and 8-Bump micro 
SMD package 


8-Bump micro SMD 


DISCHARGE GROUND 


LMC555 
R= 100kN 


THRESHOLD 


CONTROL 


VOLTAGE OUTPUT 





DS008669-9 


Top View 
(bump side down) 














iw] 


S008669-15 
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LMC555 


Ordering Information 


Package Temperature Range Package Marking 
Industrial 
-40°C to +85°C . 


($0) [—imcssscux | _Lwcséscm | 25k Units Tape and Reel__|_ 
é-Lead Mini Small 
Outline (MSOP) oe 


8-Lead Molded Dip LMC555CN LMC555CN 
(MDIP) 


8-Bump micro SMD | LMOSS5CB 360 Units Tape and Reel ~ 
i dedi BPAOSEFB 
| 

















NSC 


Transport Media _ 
| ‘Drawing 










. LMC555CBPX 3k Units Tape and Reel 
[MC555CBPEVAL 
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LMF100 


AY vationat Semiconductor 


High Performance Dual Switched Capacitor Filter 


General Description 


The LMF100 consists of two independent general purpose 
high performance switched capacitor filters. With an external 
clock and 2 to 4 resistors, various second-order and 
first-order filtering functions can be realized by each filter 
block. Each block has 3 outputs. One output can be config- 
ured to perform either an allpass, highpass, or notch func- 
tion. The other two outputs perform bandpass and lowpass 
functions. The center frequency of each filter stage is tuned 
by using an external clock or a combination of a clock and re- 
sistor ratio. Up to a 4th-order biquadratic function can be re- 
alized with a single LMF100. Higher order filters are imple- 
mented by simply cascading additional packages, and all the 
classical filters (such as Butterworth, Bessel, Elliptic, and 
Chebyshev) can be realized. 


The LMF100 is fabricated on National Semiconductor's high 
performance analog. silicon gate CMOS process, 


LMCMOS™. This allows for the production of a very low off- 
set, high frequency filter building block. The LMF100 is 
pin-compatible with the industry standard MF10, but pro- 
vides greatly improved performance. 


Features 


m Wide 4V to 15V power supply range 
m= Operation up to 100 kHz 


= Low offset voltage: typically 
(50:1 or 100:1 mode): Vosi = +5 mV 
Vos2 = +15 mV 
Vos3 = +15 mV 


m@ Low crosstalk -60 dB 

m™ Clock to center frequency ratio accuracy +0.2% typical 
m@ f, x Q range up to 1.8 MHz 

m Pin-compatible with MF10 


4th Order 100 kHz Butterworth Lowpass Filter 





LMF100 





Clock ¢ 
3.5 MHz 
DS005645-2 


Connection Diagram 


Gain (dB) 




















1 10 100 tk 10k 100k 1M 


Frequency (Hz) 
DS005645-3 


Surface Mount and Dual-iIn-Line Package 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 





DS005645-18 


Top View 
Order Number 
LMF100CCN or LMF100CIWM 
See NS Package Number N20A or M20B 
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-LP395 





LP395 


~ General Description 


The LP395 is a fast monolithic transistor with complete over- 
load protection. This very high gain transistor has included 
on the chip, current limiting, power limiting, and thermal 
overload protection, making it difficult to destroy from almost 
any type of overload. Available in an epoxy TO-92 transistor 
package this device is guaranteed to deliver 100 mA. — 


Thermal limiting at the chip level, a feature not available in 
discrete designs, provides comprehensive protection against 
overload. Excessive power dissipation or inadequate heat 
sinking causes the thermal limiting circuitry to turn off the de- 
vice preventing excessive die temperature. 


The LP395 offers a significant increase in reliability while 
simplifying protection circuitry. It is especially attractive as a 
small incandescent lamp or solenoid driver because of its 
low drive requirements and blowout-proof design. 


The LP395 is easy to use and only a few precautions need 
be observed. Excessive collector to emitter voltage can de- 


stroy the LP395 as with any transistor. When the device is _ 


used as an emitter follower with a low source impedance, it 
is necessary to insert a 4.7 kQ resistor in series with the 
base lead to prevent possible emitter follower oscillations. 
Also since it has good high frequency response, supply 
by-passing is recommended. 


Areas where the LP395 differs from a standard NPN transis- 
tor are in saturation voltage, leakage (quiescent) current and 


~Connection Diagram 


TO-92 Package 


EMITTER COLLECTOR 


BASE 


BOTTOM VIEW 
DS005525-1 


Order Number LP395Z 
See NS Package Z03A 
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National Semiconductor 


Ultra Reliable Power Transistor ~ 


in base current. Since the internal protection’ circuitry .re- 
quires voltage and current to function, the minimum voltage 
across the device in the on condition (saturated) is typically 
1.6 Volts, while in the off condition the quiescent (leakage) 
current is typically 200 yA. Base current'in this device flows 
out of the base lead, rather than into the base as is the case 
with conventional NPN transistors. Also the base can be 
driven positive up to 36 Volts without damage, but will draw 
current if driven negative more than 0.6 Volts. Additionally, if 
the base lead is left open, the LP395 will turn on. 

The LP395 is a low-power version of the 1- -Amp' ‘LM195/ 
LM295/LM395 Ultra Reliable Power Transistor. 

The LP395 is rated for operation over a -40°C to +125" C 
range. | he 


Features 


m Internal thermal limiting 

m Internal current and power limiting 

m= Guaranteed 100 mA output current. _ 
m 0.5 uA typical base current) 

m Directly interfaces with TTL or CMOS 
m +36 Volts on base causes no: damage 
m™ 2 Us Switching time 


Typical Application 


Fully Protected Lamp Driver 
vt 






INCANDESCENT | 
_-: LAMP 


TTL OR CMOS 


DS005525-3 
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National Semiconductor 





MF10 
Universal Monolithic Dual Switched Capacitor Filter 


General Description Any of the classical filter configurations (such as Butter- 


worth, Bessel, Cauer and Chebyshev) can be formed. 


For pin-compatible device with improved performance refer 
to LMF100 datasheet. 


The MF10 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 
Each block, together with an external clock and 3 to 4 resis- 
tors, can produce various 2nd order functions. Each building 
block has 3 output pins. One of the outputs can be config- Featu res 

ured to perform either an allpass, highpass or a notch func- m Easy to use 

tion; the remaining 2 output pins perform lowpass and band- —sm Clock to center frequency ratio accuracy +0.6% 
pass functions. The center frequency of the lowpass and —_ Filter cutoff frequency stability directly dependent on 
bandpass 2nd order functions can be either directly depen- external clock quality 

dent on the clock frequency, or they can depend on both 
clock frequency and external resistor ratios. The center fre- 
quency of the notch and allpass functions is directly depen- 
dent on the clock frequency, while the highpass center fre- 
quency depends on both resistor ratio and clock. Up to 4th 
order functions can be performed by cascading the two 2nd 
order building blocks of the MF10; higher than 4th order 
functions can be obtained by cascading MF10 packages. 


m Low sensitivity to external component variation 

mw Separate highpass (or notch or allpass), bandpass, 
lowpass outputs 

fo X Q range up to 200 kHz 

Operation up to 30 kHz 

20-pin 0.3" wide Dual-In-Line package 

20-pin Surface Mount (SO) wide-body package 


System Block Diagram 


Vor Va N/AP/HP, S1q BP, LP, 


| i re 7 L |? LS 
“Leth 





C) 
15 
AGND x O O 
; vay, 
LEVEL | NON OVERL | 
cLKa |_| SHIFT CLOCK | 
12 , 6 
50/100/cl [| CONTROL e—L_Jsas 
9 
Lsnf | | 
1 
LEVEL | NON OVERL 
TO AGND O | O 


INVeT | 





Vo Va N/AP/HPg Sip BPg LP 
DS010399-1 


Package in 20 pin molded wide body surface mount and 20 pin molded DIP. 
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A vationat Semiconductor 


Imaging Products 


www.national.com 11-18 


AY vationat Semiconductor 


Imaging Products Selection Guide 






































Full Full 
Output | Pixel Conv | Supply Power ul ul 
Channel Channel 
Device Description Resolution Rate Voltage | Consumption 
(Bits) | (MSPS) (mw, typ) oe DNL 
1¥P) | (LSB, typ) | (LSB, typ) 





(V) 

LM9810 | Line Rate Color Scanner +5 226 +09 +04 
Analog Front End 

LM9820 | Line Rate Color Scanner 42 45 296 +34 +0.65 
Analog Front End 

LM9822 | Pixel Rate Color Scanner 14 +5 375 +88 43.6/-16 
Analog Front End 

LM9830 | Color Document Scanner 42 45 520 +4.6/-1.1 | 40.7/-0.5 
System-on-a-Chip 

LM9832 | USB Color Document 
Scanner 14 +5 510 +6.8/-9.2 | +3.0/-1.8 
System-on-Chip 


apiIny uONDajaS s}ONpol,g Hulbew| 
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LM9810/20 


National Semiconductor 


LM9810/20 


General Description | 


The LM9810 and LM9820 are high performance Analog - 


Front Ends (AFEs) for image sensor processing systems. 
The LM9810/20 performs all the analog and mixed signal 
functions (correlated double sampling, color specific gain 
and offset correction, and analog to digital conversion) nec- 
essary to digitize the output of a wide variety of CIS and CCD 
sensors. The LM9810 has a 10-bit 6MHz ADC, and the 


~LM9820 has a 12-bit 6MHz ADC. The LM9810 and LM9820 


are pin-for-pin and functionally compatible. 


Connection Diagrams 


DGND 
CD7 


wo wo 
Qa a 
Oo 0 


CD4 
CcD3 
cD2 
cD1 


ion LM9811CCV 
Ne (PLCC) 


REF OUTwip 
REF OUTy) 
REF IN 

REF IN 





21 22 23 28 29 30 31 32 33 
Oo sta ROM INH BDDoye Oo fa jo 
z>- Zz a ulo L£ Lz eZ iO 
23 8 3! 2 S22 | Is 
< @ Baa 4% 

> 2 

Oo 

a 
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Applications 


= Color Flatbed Document Scanners 


Color Sheetfed Scanners 


Digital Copiers 


Features 


m 6 million pixels/s conversion rate 


Multifunction Imaging Products 


General Purpose Linear CCD Imaging 


-10/12-Bit Image Sensor Processor Analog Front End 


# Digitally programmed gain and offset for red, green and 


blue pixels 


® Correlated Double Sampling for lowest noise 


m TTL/CMOS input/output compatible 


Key Specifications 


m Resolution: 

m Pixel Conversion Rate: 
m Supply Voltage: 

m Power Dissipation: 


TR 
G2 
g1 
RS 
Yb 
DGND 
cD7 


52 51 50 49 48 47 


<= 
> 
Oo on Dm OO FF W NH 


REF OUT, 
REF IN 
REF IN 


10/12 Bits | 
6MHz 
+5V + 5% 


300mW (max). 


cDS 
cD4 
cD3 
CD2 
cD1 


LM9811CCVF 


(TQFP) 


14 15 16 17 19 20 21 22 23 24 25 26 


NC 
Va 
AGND 
SDI 
SD0 
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Block Diagram 


Va Vp Vp(1/0) 


0c/OLS6IN1 






















VrESTI 
Correlated VrEsT2 
Double 
Sampler 
From 
CcD 
be Lo —" 
Reference 
Amplifiers 
DDO-DD9 
8 Mo 
= oO 
CDO-CD7 10-Bit ADC = 
I a2 
\ y 2 10 
1 I 
1 , nan 
1 RD 
eo 1 EP 8 Lse se 
I ! | Offset rP EOC 
SDI » 
I 
I 
SDO Configuration : 1 
SCLK Register 
= I 
cs I 
i 
I 






















VGA 
Gain 


ADC 
Convert 


S/H 
Reference 


S/H 
Pixel 


Change 
Gain 


DS100943-3 






Commercial (°C = T, = +700) 
ILM9811CCV  =———SsS=s«V'552A 52-Pin Plastic Leaded Chip Carrier 
|LM9811CCVF ==————Ss|s VEG52A 52-Pin Thin Quad Flatpack 
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-LM9822 


A national Semiconductor 


LM9822 
3 Channel 42-Bit Color Scanner Analog Front End 


General Description 7 m TTL/CMOS compatible input/output 


The LM9822 is a high performance Analog Front End (AFE) Aer 5 
for image sensor processing systems. It performs all the Key Specifications 


analog and mixed signal functions (correlated double sam- ™ Output Data Resolution 14 Bits 
pling, color specific gain and offset correction, and analog to ™ Pixel Conversion Rate 6 MHz 
digital conversion) necessary to digitize the output of awide mm Analog Supply Voltage 5Vt5% 
variety of CIS and CCD sensors. The LM9822 has a 14-bit m {/O Supply Voltage | 3.3V+10% or 5Vt5% 
6 MHz ADC. m Power Dissipation (typical) 375 mW 


Features Applications 


™ 6 million pixels/s conversion rate Color Flatbed Document Scanners 
m Digitally programmed gain and offset for red, green and Color Sheetfed Scanners 


Bue coor aalanenG Multifunction Imaging Products 
m Correlated Double Sampling for lowest noise from CCD Digital Copiers 


laa os fe General Purpose Linear Array Imaging 
m Compatible with CCD and CIS type image sensors P 9 


m Internal Voltage Reference Generation 


LM9822 
28 pin 


Connection Diagram 


VBANDGAP 
VREF MID 
VA 

AGND 
0Sp 
VREF+ 
0S, 


VREF- SOICc 
0S, 





DS101117-1 


Ordering Information 


Temperature Range 


O°C <T, < +70°C NS Package 


- - Number 
Order Number Device Marking 
LM9822CCWM (Note 1) LM9822CCWM 
LM9822CCWMxX (Note 2) LM9822CCWM 


Note 1: Rail transport media, 26 parts per rail. 
Note 2: Tape and reel transport media, 1000 parts per reel. 
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€o-bh 


LOD" }BUOIEU MMM 


RED OS 
from CCD 


GREEN OS 
from CCD 


BLUE OS 
from CCD 


SCLK 
SDI 
SDO 
SEN 


OSp 


0S, 


0S, 


Va AGND Ya AGND 


Gain Boost Static Coarse Color 
Offset Balance PGAs 


DACs 
+ 
@ 
+ 


r> 

Offset 

DACp 

i 

i + 14-Bit 
BI 

! & ADC 

: + 

+> 

! Offset 

! DACg 

| 

I 

I bs t } 

' f 

L > 

| 

Offset : Internal 
: , DACR 1 Bandgap 
\ ' i 1 . AS Ref 
a eference 
I i 

I 

L 


Timing and Control 


Serial 


Interface 








MCLK CLMP VSMP 








Vp DGND 


D7-DO 


VREF+ 
VREFMID 
VREF- 


VBANDGAP 
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weibeig 4901g ZZ86IN1 


LM9830 


AY vationat Semiconductor 


LM9830 _ 


36-Bit Color Document Scanner 


General Description 


The LM9830 is a complete document scanner system on a 

| single IC. The LM9830 provides all the functions (CCD con- 
trol, illumination control, analog front end, pixel processing 
function image data buffer/SRAM controller, microstepping 
motor controller, and EPP parallel port interface) necessary 
to create a high performance color scanner. The LM9830 
scans images in 36-bit color, and has output data formats for 
36 bits, 30 bits, and 24 bits. 

| The only additional active components required are an exter- 
nal SRAM for data buffering and power transistors for the 


stepper motor. Parallel port pass-through requires two addi- 
tional TTL/CMOS logic ICs. 


Applications 


= Color Document Scanners 


Features 

™ Scans at up to 6M pixels/s (2M RGB pixels/sec.) 

m Digital Pixel Processing provides 600, 400, 300, 200, 
150, 100, 75, and 50 dpi horizontal resolutions from a 
600 dpi sensor 

™ Provides 50-600 dpi vertical resolutions in 1 dpi 

increments 

Pixel rate correction for gain (shading) and offset errors 

Output formats include 12-bit linear, 10-bit linear with 

shading and offset, or 8-bit gamma corrected, all with 

12-bit accuracy | 


scanner Block Diagram > 










To 
Computer 





ccD/Ccis 
lilumination 





| Ordering Information 


Commercial (0°C < Ta < +70°C) 


LM9830VJD 


Multiple CCD clocking rates allows matching of CCD 
clock to scan resolution for maximum scan speed 
Stepper motor control tightly coupled with buffer 
management to maximize data transfer efficiency 

PWM stepper motor current control allows microstepping 
for the price of fullstepping 

Supports 64k, 128k, or 256k x 8 external SRAMs 
Parallel Port interface supports EPP, PS2 (bidirectional), 
or SPP (nibble) modes of operation 

Pixel depths of 1, 2, or 4 bits are packed into bytes for 
faster scans of line art and low pixel depth images 
Supports 1 and 3 channel CIS and CCD devices 

3 (R, G, and B) programmable gamma correction tables 
Able to transmit an arbitrary range of pixels to speed up 
scanning of smaller items (business cards, etc.) by 
zooming in on a subset of CCD pixels 

Compatible with a wide range of color linear CCDs and 
Contact Image Sensors (CIS) 

Internal bandgap voltage reference 

100 pin TQFP package ~ 


Key Specifications 


a az 





Analog to Digital Converter Resolution 12 bits 
‘Maximum Pixel Conversion Rate 6 MHz 
A4 Color 150 dpi scan <10 seconds 
A4 Color 300 dpi scan <40 seconds 
A4 Color 600 dpi scan <160 seconds 
Supply Voltage +5V + 10% 
Power Dissipation (typical) 350 mW 









Printer 


Stepper 
Motor 


Power 
Transistors 


DS100998-1 


Package 
LM9830VJD VJD100A 100 Pin Thin Quad Flatpak 
LM9830VJDX VJD100A 100 Pin Thin Quad Flatpak, Tape & Reel 
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National Semiconductor 


LOSS6IN1 


LM98501 
10-Bit, 27 MSPS Camera Signal Processor 


General Description 


The LM98501 is a CCD signal processor for electronic cam- 
eras. The processor provides a common interface to a num- 
| ber of different image sensors including CCD, CMOS, and = +3V single power supply 

CIS. Correlated double sampling reduces kTC noise from ™ Low power CMOS design 

the image signal. A fast, temperature stable, 8-bit digitally m 4-wire serial interface 

programmable gain amplifier enables pixel-rate mm 2.5V data output voltage swing 

white-balancing. An auxiliary input is provided, allowing for gf no missing codes 

the selection of an external signal, useful for electronic titling . tah i 
and video overlay. The 10-bit A/D converter preserves the : ons wis eel dads atlas eeu 
image quality with excellent noise performance. The me g ies 

LM98501 also includes the supporting functions of digital % Digital black level clamp 

black level clamp and power down, ideally suited for portable © Small 48-lead LQFP package 


video applications. This low-power processor is a natural —_ : 
Key Specifications 


Features 


choice for the most demanding imaging systems. 


Applications m@ Maximum meet Level 1.0V peak-peak 
e m CDS Sampling Rate 27 MSPS 
m Digital still camera 
™ Digital video camcorder m PGA Gain Steps 256 Steps 
m™ Video conferencing m PGA Gain Range 0.0 dB-32.0 dB 
m Security camera m ADC Resolution 10-Bit 
m Plain paper copier m ADC Sampling Rate 27 MSPS 
m= Flatbed or handheld color scanner m *Signal-to-Noise Ratio. 60 dB 0 dB Gain, 1.0V Input | 
m Video processing for x-ray or infrared tio bed al 
ae ar eae m Power Dissipation 
AV+ = DV+ = DV+ I/O = 3.0V 195 mW (typical) 
m™ Operating Temperature 0°C to 70°C 


*20 10949 (Vin/RMS Output Noise) 


Typical Digital Camera Block Diagram 


10 


Timing Generator 









LM98501 


CCD/CIS Sensor 


Sensor Driver 
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Imager Processor 


Motor Controllers 








Video Overlay 
Generator 












Microcontroller 
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LM98501 


Overall Chip Block Diagram 


CE SCLK SI DATA SO DATA Vrere VREFN BOL SHP SHD CLK 







Vin Correlated O BLKCLP 
Double 
Sampler 
or 
AUX IN © Sample/Hold 


10-Bit ‘ 
Analog- . a Bit 
, to-Digital cal 
ACLP Analog Bandgap Converter P 


Clamp Voltage 
-| Reference 





AOUT+ AOUT- AOUT+ AQUT- Veert Vrerp 
DS101292-2 


FIGURE 1. Chip Block Diagram 


LM98501 Chip Pin Out 
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FIGURE 2. Pin Out Diagram 
Ordering Information 


Commercial 
(0°C < T, < +70°C) se Becta: 


LM98501CCVBH LQFP 
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AY vationat Semiconductor 


Lithium Battery Chargers 
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Lithium Battery Hl Selection Guide 


National Semiconductor. 





























/ LM3420 CV charge control for 1, | 4.2, 8. ; 7 4, Current for driving 
2,3, 4, or 5 Li-lon cells | 12.6, 16.8 power stage in 
constant-voltage 
control of charger 
LM3620 CV charge control for 1 Current for driving 
or 2 Li-lon cells external PNP in 
constant-voltage 
control of charger 
- LM3621 Fuil-function CVCC 3.0 to 5.5 Analog control of 
charge controller for 1 constant-current / 
Li-lon cell constant-voltage 
charger 
LM3622 CVCC charge control for | 4.5 to 24 Current for driving 


external PNP or 
P-FET in 
constant-voltage / 
constant-current 
control of charger 


1 or 2 Li-lon cells 


Note 1: Package designation includes number of pins: 
M = plastic surface-mount 
M5 = 5 Lead SOT-23 
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suiclabaiiak silent Selection Guide 


Batt Number cae a Package | 
— 1) 


1% & 0.5% tolerances. 















1.2% tolerance. M5 
Selectable battery 
type(coke vs graphite 
anode). 
0.5% tolerance. 
Selectable battery type 
(coke vs graphite anode). 
5 charge modes plus fault 
detection 


M16 


M08 


0.7% and 1.2% tolerances. 
Versions for coke or 
graphite battery type. 
“Wake up” mode for 
pre-conditioning deeply 
discharged cells. 


National Semiconductor 


LM3420-4.2, -8.2, -8.4, -12.6, -16.8 
Lithium-lon Battery Charge Controller 


General Description The LM3420 is available in a sub-miniature 5-lead SOT23-5 


Pade oe surface mount package thus allowing very compact designs. 
The LM3420 series of controllers are monolithic integrated 


circuits designed for charging and end-of-charge control for 

Lithium-lon rechargeable batteries. The LM3420 is available Features 

in five fixed voltage versions for one through four cellcharger ™ Voltage options for charging 1, 2, 3 or 4 cells 
applications (4.2V, 8.2V/8.4V, 12.6V and 16.8V respec- Tiny SOT23-5 package 

tively). m Precision (0.5%) end-of-charge control 


Included in a very small package is an (internally compen- Drive capability for external power stage 
sated) op amp, a bandgap reference, an NPN output transis- = Low quiescent current, 85 UA (typ.) 

tor, and voltage setting resistors. The amplifier’s inverting in- 

put is externally accessible for loop frequency Applications 

compensation. The output is an open-emitter NPN transistor 


capable of driving up to 15 mA of output current into external ~Lithium-lon battery charging — 
circuitry. m@ Suitable for linear and switching regulator charger 


designs 


A trimmed precision bandgap reference utilizes temperature 
drift curvature correction for excellent voltage stability over 
the operating temperature range. Available with an initial tol- 
erance of 0.5% for the A grade version, and 1% for the stan- 
dard version, the LM3420 allows for precision end-of-charge 
control for Lithium-lon rechargeable batteries. 


8°9L-OCVEINT/9°CL-OCVEIN 1/0 8-OCVEN 1c 8-OCVEWN 1c V-OCvEW 


Typical Application and Functional Diagram 





Ri 10k 


Lim = 






















RLIM 
+13V to EMonz) Y 1A Charge 
+20V Current 


DS012359-1 


Typical Constant Current/Constant Voltage 
Li-lon Battery Charger 





(-) | GND Rg, 75k for 4.2V 
176k for 8.2V 
181k for 8.4V 
287k for 12.6V 


392k for 16.8V 
DS012359-2 


LM3420 Functional Diagram 
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LM3420-4.2/LM3420-8.2/LM3420-8.4/LM3420-12.6/LM3420-16.8 


Connection Diagrams and Order Information 


5-Lead Small Outline Package (M5) 


+IN—H1 5 OUT Actual Size 
GND | 2 

DS012359-4 
+43 4 COMP 


DS012359-3 


*No internal connection, but should be soldered to PC board for best heat 
transfer. 


Top View 
For Ordering Information 


See Figure 7 in this Data Sheet 
See NS Package Number MFOSA 
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National Semiconductor 


Oc9ENT 


LM3620 
Lithium-ion Battery Charger Controller 


General Description With a trimmed output voltage regulation of +1.2% initial ac- 
Sos tas 2 curacy, the LM3620 provides a simple, precise solution for 


circuits designed to contro! the charging and end-of-charge aa 

control for lithium-ion rechargeable batteries. The LM3620 is es pact 7 Hebets ee Honeoye Sead Se eee 
available in two versions for one or two cell charger applica- Be CRN Deena e-ror Veh Compact aveane: 
tions. Each version provides the option of selecting the ap- 
propriate termination voltage for either coke or graphite an- Features 

ode lithium cells. m Voltage options for charging 1 or 2 cell stacks 


The LM3620 can operate from a wide range of DC input # Adjustable output voltage for coke or graphite anodes 
sources (4V to 30V). With no charger supply connected, the m Precision end-of-charge voltage control 

controller draws a quiescent current of only 10nAto minimize — m= _~Wide input voltage range (4V to 30V) 

discharging of a connected battery pack. = Low off state current (<10nA) 

The LM3620 consists of an operational transconductance _m Drive provided for external power stage 

amplifier, a bandgap voltage reference, a NPN driver transis- sg Tiny SOT-23 package 

tor and precision voltage setting resistors. The output of the 

amplifier is made available to drive an external power tran- 

sistor if higher drive currents are required. 


Typical Application 





30V max. © > 

DC Source Short for Graphite Anode. 
With Current Open for Coke Anode. 
Limit 


(on) Ea 





Select 
(Vee) 
External 
(NPN Drive) 
(1 or 2Cell) 
Power Off Lithium-ion | + 
220 pF Switch Battery — 
2 | Ground 
7 DS100841-10 
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LM3620 


Connection Diagram 


5-Lead SOT23-5 Surface Mount Package 


V, 

REG a Select 

Ground | és ‘ 

Drive (Voc) 
DS100841-1 


Refer to the Ordering Information Table in 
this Data Sheet for Specific Part Number 





External 


See NS Package MFO5A 


Ordering Information 



















Over 






















Initial 















Device Order | Package Output Temperature Number : 
. Accuracy Supplied as 
Number Marking Voltage (25°C) Accuracy of Cells 
| (0 to 70°C) 





1000 Unit increments on Tape and 


The small physical size of the SOT23-5 Package does not allow for the full part number marking. Devices will be marked with the 
designation shown in the column Package Marking. | 

The devices are shipped in tape-and-reel format. The standard quantity is 250 units on a reel (indicated by the letters “M5” in the 
part number), or 3000 units on a reel (indicated by the letters “M5X” in the part number). 
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National Semiconductor 





LM3621 
Single Cell Lithium-lon Battery Charger Controller 


General Description m Less than 1 pA current drain from fully charged battery 


m™ Preconditioning severely discharged cells (OV to 2.55V 
The LM3621 is a full function constant voltage, constant cur- g y g ( ) 


rent (CVCC) lithium-ion (Li+) battery charger controller. It 

provides 1% regulation accuracy over the specified tempera- Features 

ture range without requiring the use of external precision re- © ™ Automatic end-of-charge control 

sistors. The IC controls five charge modes: conditioning, m™ Preset or user adjustable charge current regulation 


fast, top-off, monitor and maintenance. In addition, the ™ LED drivers for charging status and fault indication 
LM3621 detects and flags defective batteries as well as over Battery self-discharge refresh (maintenance) 
current and over voltage fault events. The architecture ofthe Overvoltage/overcurrent fault detection and protection 
IC is based on high gain constant voltage and constant cur- = Defective battery pack detection 
rent control loops. 
: ; . ; ee ; m Charge current boost control for cellular phone 
The LM3621 is designed to control a switching charger, a lin- applications 
ear charger or an off-line ac adapter charger. ; 
7 @ Charge interruption control input 
The LM3621 consists of a logic controller, precision bandgap 
reference, wide bandwidth transconductance error amplifi- . . 
ers, comparators, and an output buffer. The LM3621 is avail- Applications 


able in a 16-pin SOIC package and is specified over the ™ Complete, full function, protected battery charger for 


range of 0°C to 70°C. coke or graphite anode, single cell Lithium-lon battery 
packs 
Key Specifications m Linear voltage regulator controlled chargers 


m High efficiency switching regulator controlled chargers 


= Tight output voltage accuracy (+0.5% at Ty, = 25°C) wvGoct Stective wall sdapler chargers 


m Two selectable output voltages (4.2V or 4.1V) 





Typical Application 


Heat Sink 1A Charge Current 


Vint O > - = 
IN 
Veat* 
e . | + 1 cell 
LM29312Z5.0 eee 
. _ | Battery 
l ee 


Vin = 6.0 Voc 





NDT453N 


Vin7 O 
DS100107-7 


1A, 4.1V CVCC Linear Charger for Graphite Anode Lithium-ion Battery 
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LM3621 


Connection Diagram 


Pin Description 


16-Lead SOIC 


e 
1 

2 
3 
4 
5 
6 
7 
8 





DS100107-18 


Top View 
Order Number LM3621M or LM3621M-3.0 
NSC Package Number M16A 


Battery pack high side sense input 


0 
Battery pack low side sense input 
Current Sense Resistor high side input 
Compensation pin for current regulation loop 
Modulation Control Output- analog control signal output 
Compensation pin for voltage regulation loop 


Charge current adjust input pin (see application section) 


[Ont Pass FET gate Drive output. (N-channel). 
c.f Charge termination voltage control input (Vse7 = HI for 4.2V or 


Voge, = LO for 4.1V). 


Maximum output current boost control (max output current 
increased by 80%). 


S . IC common. 
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S IC power supply. 
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LM3622 


National Semiconductor 


Lithium-ion Battery Charger Controller 


General Description 


The LM3622 is a charge controller for Lithium-lon batteries. 
This monolithic integrated circuit accurately controls an ex- 
ternal pass transistor for precision Lithium-ion battery charg- 
ing. The LM3622 provides a constant voltage or constant 
current (CVCC) configuration that changes, as necessary, to 
optimally charge lithium-ion battery cells. Voltage charging 
versions (4.1V, 4.2V, 8.2V, and 8.4V) are available for one or 
two cell battery packs and for coke or graphite anode battery 
chemistry. 


The LM3622 accepts input voltages from 4.5V to 24V. Con- 
troller accuracy over temperature is +30mV/cell for A grade 
and +50mV/cell for the standard grade. No precision exter- 
nal resistors are required. Furthermore, the LM3622’s propri- 
etary output voltage sensing circuit drains less than 200nA 
from the battery when the input source is disconnected. 
The LM3622 circuitry includes functions for regulating the 
charge voltage with a temperature compensated bandgap 
reference and regulating the current with an external sense 
resistor. The internal bandgap insures excellent controller 
performance over the operating temperature and input sup- 
ply range. 

The LM3622 can sink 15mA minimum at the EXT pin to drive 
the base of an external PNP pass transistor. It also has 


Typical Application 





5 to 24Vde O 
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low-voltage battery threshold circuitry that removes this drive 
when the cell voltage drops below a preset limit. The LVse, 
pin programs this threshold voltage to either 2.7V/cell or 
2.15V/cell. The low-voltage detection, which is a user en- 
abled feature, provides an output signal that can be used to 
enable a “wake up charge” source automatically to precon- 
dition a deeply discharged pack. 

The LM3622 is available in a standard 8-lead SOIC surface 
mount package. 


Features 

m Versions for charging of 1 cell (4.1V or 4.2V) or 2 cells 
(8.2V or 8.4V) 

w Versions for coke or graphite anode 

m Precision (+30mV/cell) end-of-charge control 

w Wide input range: 4.5V-24V 

m Low battery drain leakage: 200nA 

m@ 15 mA available to drive low cost PNP 


Applications 

m Cellular phone cradle charger 
= PDA/Notebook cradle charger 
= Camcorder cradle charger 


DS100974-1 
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LM3622 


Connection Diagram 


8-Lead Surface Mount Package 


LVseL 
LVens 
LV 

; ~ GND 





DSi 00974-2 


Refer to the Ordering Information Table in this Datasheet for Specific Part Number 
See NS Package M08A 


Pin pescHetion 


LVoe, — Low-voltage detection threshold Select. The threshold is 2.15V/cell when this pin is 
pulled low to GND and 2.70V/cell when it is pulled up to Voc. The battery voltage is 
sensed between CEL and CS pins. 

Vena. Input Low-voltage detection Enable. The low-voltage detection is enabled when this pin is 
pulled Low to GND. Pulling this pin HIGH to Vcc disables the low-voltage detection. 


Output of the low-voltage detection. This pin is a NPN open-collector output that 
goes to low impedance state when LVens is pulled LOW and the battery voltage is 
below the threshold set by LVge,. LV stays in HIGH impedance state at any battery 

voltage when LVenp is pulled HIGH to Veg. LV can be used for turning on a low 


current source to recondition a COPE depleted battery. 





5 Input Finbar for Seay charge current and battery negative-terminal voltage sensing. 
Battery charging current is sensed through an external resistor, Ros, connected 
between the battery’s negative terminal and GND. The maximum charge current is 
regulated to a value of 100MV/Res. 

6 Battery positive-terminal voltage sensing. 

7 Output Output of the controller for driving a PNP transistor or P-MOSFET. The controller 


modulates the current sinking into this pin to control the regulation of either the 
charge current or the battery voltage. 


8 Power Supply | IC power supply 
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Ordering Information 


CCIE 


Voltage | Grade | = Accuracy Order Information Supplied As 

4.4V LM3622AM-4.1 95 unit increments in rail 

4.1V +30mV 2500 unit increments in tape and reel 
4.1V +50mV 95 unit increments in rail 

4.1V 2500 unit increments in tape and reel 
4.2V 95 unit increments in rail 

4.2V 2500 unit increments in tape and reel 
4.2V 95 unit increments in rail 

4.2V 2500 unit increments in tape and reel 
8.2V +60mV 95 unit increments in rail a 

8.2V 2500 unit increments in tape and reel 
8.2V 95 unit increments in rail 

8.2V 2500 unit increments in tape and reel 
8.4V 95 unit increments in rail 

8.4V 2500 unit increments in tape and reel 
8.4V 95 unit increments in rail 

8.4V 2500 unit increments in tape and reel 
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National Semiconductor 


LM3647 


Universal Battery Charger for Li-lon, Ni-MH and Ni-Cd 


Batteries 


1.0 General Description 


The LM3647 is a charge controller for Lithium-lon (Li-Ion), 
Nickel-Metal Hydride (Ni-MH) and Nickel-Cadmium (Ni-Cd) 
batteries. The device can use either a pulsed-current charg- 
ing or a constant-current charging technique. The device can 
also be configured to discharge before charging. Throughout 
the charging sequence the LM3647 monitors voltage and/or 
temperature and time in order to terminate charging. 


Charge termination methods are: 

¢ Negative delta voltage (—AV) 

e Optional: Delta temperature/delta time (AT/At) 
e Backup: Maximum temperature 

e Backup: Maximum time 

e Backup: Maximum voltage 


If both voltage and temperature fail to trigger the termination 
requirements, then the maximum time (configured by exter- 
nal hardware) steps in which terminates the charging. 


In Ni-Cd/Ni-MH mode, four different charging stages are 
used: 


e¢ Soft-start charge 

¢ Fast charge 

¢ Topping charge 

e Maintenance charge 

In Li-lon mode, four different charging stages are used: 
¢ Qualification | 

e Fast Charge Phase 1, Constant Current 

e Fast Charge Phase 2, Constant Voltage 

¢ Maintenance charge 


The charge current of the LM3647 is configured via external 
resistors, which in turn controls the duty cycle of the PWM 
switching control output. For cost-sensitive applications, the 
M3647 charge controller cab be configured to use an exter- 
nal current source and no temperature sensor. 


When using an external current source, the current is con- 
trolled by the LM3647 which turns the current source on and 
off. The LM3647 automatically detects the presence of a bat- 


tery and starts the charging procedure when the battery is in- 
stalled. Whenever an error occurs (e.g., short circuit, tem- 
perature too high, temperature too low, bad battery, charge 
time over, etc.) the LM3647 will stay in error mode until the 
battery is removed or it gets within the allowed charging tem- 
perature range. The LM3647 is available in a standard 
20-iead SOIC surface mount package. : 


Features 

m Auto-adaptive fast charge 

m™ High-resolution, accurate voltage monitoring prevents 
Li-lon undercharge or overcharge 

m Fast charge, pre-charge and maintenance currents are 
provided. Different currents are selectable via external 
resistors. 

m Fast-charge termination by A temperature/A time, 
maximum voltage, maximum temperature, negative A 
voltage and maximum time 

m Dynamically detects battery insertion, removal, short 
circuit and bad battery without additional hardware 

m= Supports charging of battery packs with 2-8 cells of 
Ni-Cd/Ni-MH or 1—4 cells of Li-lon (1 cell of NiCd/NiMH 
can be supported by added external 2x voltage 
amplifier) 

@ Three optional LED indicators and Buzzer output 
indicate operational modes 

m@ Ni-MH/Ni-Cd charge mode, Li-lon charge mode or 
discharge mode can be selected manually 

m™ Supports control of current feedback power supply and 
constant current power supply 


Applications 


m Battery charging systems for: 
— Portable consumer electronics 
— Audio/video equipment 
— Communications equipment 
— Point of sale devices 
— Power tools 
— Personal convenience products 
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2.0 Connection Diagram 


LYSEINT 


nn 
mm 
a 
WN 


SEL2 
SEL1 
PWM 
BUZZER 
SYSOK 
DISCHG 
TEMP 
cs 

CEL 
CEXT 


RESET 
LED1 
LED2 
LED3 


2 
3 
4 
S) 
6 
7 
8 
9 


oO 


VREF 





DS101318-2 


Top View 
Order Number LM3647IM 
See NS Package Number M20B 


2.1 PIN DESCRIPTIONS 


10 VREF 
11 CEXT 
12 CEL 


Voltage Reference Analog Input 


PinNo. | = Name | W/O Description 
1 Input to Select Power Source or Li-lon Cell Voltage 
2 Input to Select Maintenance Charge Time Out, Connected to an 
RC-Network 

3 RC-Timing Pin 
4 Ground 
5 Voc 5V, Power Supply ee 
6 Reset Pin, Active Low 
7 LED Output 
8 LED Output 
9 LED Output 

| Vance 

| CEXT 


External Capacitor 

Battery Voltage Input (through resistor divider) 
Current Sense Input | 
NTC-Temperature Sensor Input 


_—* 
c¢) 
Y” 


a 
ial 


14 TEMP 
DISCHG 

16 SYSOK 

17 BUZZER 

18 PWM 

19 SEL1 

20 SEL2 


High when Discharging, Else Low 

System Monitor Output 

Buzzer Output 

Charge Control Output 

Tri-Level Input, Discharge/Maintenance Charge Select 
Tri-Level Input, Battery Type Select (NiCd, NiMH, Li-Ion) 


2.2 ORDERING INFORMATION 


[Device [Package | Temperature 
LM3647 20 SOIC -40°C to +85°C 
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LM3647 


Typical Application 


Vee UNREGULATED 
DC VOLTAGE (MAX 20V) 
e 


CONTROL LM317T 
(constant current) 
LM3647 J CURRENT 
cs 


i Source = 
J VOLTAGE Resistor 

i NTC 
LED 1 


TEMPERATURE 


LED2 


I LED3 | : 
BUZZER | 





{-- 


7 ence BATTERY 
CONFIGURATIONS aa - SEL4 Ch 





DS101318-1 
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Motion Control and Motor Drive Selection Guide 


A nationat Semiconductor 


Motion Control and Motor Drive Selection Guide 


Motor Drive Circuits-Bridges 





Max Input Operating 
Voltage Temperature 


(Ty) 


(V) 
a -40°C to +125°C | 11-Lead TO-220 
~55°C to +125°C | 24-Lead 
Ceramic DIP 


| «55s | -40°C to +125°C | 11-Lead TO-220 


oak ~40°C to +125°C | 15-Lead TO-220 


Output 
Current 






Package 


Device Description Availability 





LMD18200 DMOS H-Bridge with Internal Current 
Sense 


(A) 
LMD18200-2D | Mil-Std 883. Dual DMOS H-Bridge 


LMD18201 DMOS H-Bridge 


LMD18245 DMOS H-Bridge with Digital or Analog 
Control 


Motor Drive Circuits-Linear 









Max Input Operating 


Output 
Current Voltage Temperature 
| (A) (V) (To) 
LM12CL__| Monolithic Power Op-Amp 4-Lead TO-3 
LM675 Monolithic Power Op-Amp | 63) = | 60 J OC to+ 70°C ~—| 5-Lead TO-220 
LM2876 —_| Monolithic Overture Power Amplifier (Note 1)| 3 | = 60-—— {20°C to +85°C__—*| 1 1-Lead TO-220 
LM3875 Monolithic Overture Power Amplifier (Note 1) 11-Lead TO-220 
LM3876 | Monolithic Overture Power Amplifier (Note 1)| 4 = | = 84.—s« | 20°C to +85°C | 11-Lead TO-220 
LM3886 _| Monolithic Overture Power Amplifier (Note 1) 11-Lead TO-220 
| LM4700 Monolithic Overture Power Amplifier (Note 1) 11-Lead TO-220 


Precision Motion Control Processor 






Package 


Device Description Availability 















Operating 
Temperature 
(Ta) 
~40°C to + 85°C 6or8 


Max Clock 
Speed (MHz) 





Package 


Features Availability 


Device 













LM628 32-Bit Position, Velocity, and Acceleration Registers; 28-Lead DIP 
Position and Velocity Modes; 16-Bit PID Filter with 

programmable Coefficients; 8 or 12-Bit DAC Output 
Data; Quadrature Incremental Encoder Interface; 8-Bit 


Asynchronous Host Interface 


Same Features as LM628, but with 8-Bit PWM -55°C to + 85°C 6 or 8 
Sign/Magnitude output Data 


Note 1: Refer to Audio Section for product data on the Overture power amplifiers. 
















28-Lead DIP 
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National Semiconductor 


LM12CL 
80W Operational Amplifier 


General Description 


The LM12 is a power op amp capable of driving +25V at 
+10A while operating from +30V supplies. The monolithic IC 
can deliver 80W of sine wave power into a 4Q load with 
0.01% distortion. Power bandwidth is 60 kHz. Further, a 
peak dissipation capability of 800W allows it to handle reac- 
tive loads such as transducers, actuators or small motors 
without derating. Important features include: 

e input protection 

¢ controlled turn on 

e thermal limiting 

¢ overvoltage shutdown 

¢ output-current limiting 

e dynamic safe-area protection 

The IC delivers +10A output current at any output voltage 
yet is completely protected against overloads, including 
shorts to the supplies. The dynamic safe-area protection is 
provided by instantaneous peak-temperature limiting within 
the power transistor array. 

The turn-on characteristics are controlled by keeping the 
output open-circuited until the total supply voltage reaches 
14V. The output is also opened as the case temperature ex- 


Connection Diagram 


OUT ~IN 


+IN 





V"(CASE) 


DS008704-1 
4-pin glass epoxy TO-3 
socket is available from 
AUGAT INC. 
Part number 8112-AG7 


Bottom View 
Order Number LM12CLK 
See NS Package Number K04A 
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ceeds 150°C or as the supply voltage approaches the 
BV ceo of the output transistors. The IC withstands overvolt- 
ages to 80V. 


This monolithic op amp is compensated for unity-gain feed- 
back, with a small-signal bandwidth of 700 kHz. Slew rate is 
9V/us, even as a follower. Distortion and capacitive-load sta- 
bility rival that of the best designs using complementary out- 
put transistors. Further, the IC withstands large differential 
input voltages and is well behaved should the 
common-mode range be exceeded. 


The LM12 establishes that monolithic ICs can deliver consid- 
erable output power without resorting to complex switching 
schemes. Devices can be paralleled or bridged for even 
greater output capability. Applications include operational 
power supplies, high-voltage regulators, high-quality audio 
amplifiers, tape-head positioners, x-y plotters or other 
servo-control systems. 


The LM12 is supplied in a four-lead, TO-3 package with V- 
on the case. A gold-eutectic die-attach to a molybdenum in- 
terface is used to avoid thermal fatigue problems. The LM12 
is specified for either military or commercial temperature 
range. 


Typical Application* 


1.5n 


common 
ground 
point 





DS008704-2 


“Low distortion (0.01%) audio amplifier 
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LM628/LM629 


National Semiconductor 


LM628/LM629 
Precision Motion Controller 


General Description 


The LM628/LM629 are dedicated motion-control processors 
designed for use with a variety of DC and brushless DC 
servo motors, and other servomechanisms which provide a 


| quadrature incremental position feedback signal. The parts 


perform the intensive, real-time computational tasks required 
for high performance digital motion control. The host control 
software interface is facilitated by a high-level command set. 
The LM628 has an 8-bit output which can drive either an 
8-bit or a 12-bit DAC. The components required to build a 


_ servo system are reduced to the DC motor/actuator, an in- 
-cremental encoder, a DAC, a power amplifier, and the 


LM628. An LM629-based system is similar, except that it 
provides an 8-bit PWM output for directly driving H-switches. 
The parts are fabricated in NMOS and packaged in a 28-pin 
dual in-line package or a 24-pin surface mount package 
(LM629 only). Both 6 MHz and 8 MHz maximum frequency 
versions are available with the suffixes -6 and -8, respec- 
tively, used to designate the versions. They incorporate an 


SDA core processor and cells designed by SDA. 


LM628 


COMMAND POSITION 
SEQUENCER(32 BIT) 
+ 


HOST 
INTERFACE 


DIGITAL 
>T PID FILTER 
(16 BIT) 







q 









Features 






32-bit position, velocity, and acceleration registers 
Programmable digital PID filter with 16-bit coefficients 
Programmable derivative sampling interval © 

8- or 12-bit DAC output data (LM628) 

8-bit sign-magnitude PWM output data (LM629) 
Internal trapezoidal velocity profile generator 

Velocity, target position, and filter parameters may be 
changed during motion | 
Position and velocity modes of operation 

Real-time programmable host interrupts 

8-bit parallel asynchronous host interface 

Quadrature incremental encoder interface with index 
pulse input PE sa, 5 
Available in a 28-pin dual in-line package or a 24-pin 
surface mount package (LM629 only) 


HOST 1/0 PORT 


<> TO HOST PROCESSOR 
8 










DAC PORT 





INCREMENTAL 
ENCODER 






-  pso009219-1 


FIGURE 1. Block Diagram 
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Connection Diagrams 


LM628N : LM629N LM629M 
iN—|1 iN~—H *NC—1 D3 
Aq? A-f2 D242 D4 
3 B15 Di—43 D5 

o7—44 o7—44 a a 
po—45 Do—45 xs . 
p46 D546 o3 
p47 D4—47 iat A i 
D348 D348 GND 7 A 
p2—49 Do—49 WR] 8 IN 
D1 D1 PS 49 Yop 
po do Hi 410 RST 
cs cs PWM SIGN—4 11 CLK 
Bp dis *NC—H12 PWM MAG 


GND GND 





DS009219-21 
DS009219-2 DS009219-3 
*Do not connect. 


Order Number LM629M-6, LM629M-8, LM628N-6, LM628N-8, LM629N-6 or LM629N-8 
See NS Package Number M24B or N28B 
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LMD18200 


National Semiconductor 


LMD18200 
3A, 55V H-Bridge 


General Description 


The LMD18200 is a 3A H-Bridge designed for motion control 
applications. The device is built using a multi-technology pro- 
cess which combines bipolar and CMOS control circuitry 
with DMOS power devices on the same monolithic structure. 
Ideal for driving DC and stepper motors; the LMD18200 ac- 
commodates peak output currents up to 6A. An innovative 
circuit which facilitates low-loss sensing of the output current 
has been implemented. 


Features 

m™ Delivers up to 3A continuous output 

m= Operates at supply voltages up to 55V 
m Low Rps(ON) typically 0.3Q per switch 
m TTL and CMOS compatible inputs 


Functional Diagram 


® No “shoot-through” current 

m Thermal warning flag output at 145°C 

m= Thermal shutdown (outputs off) at 170°C 

m Internal clamp diodes 

m™ Shorted load protection 

m Internal charge pump with external bootstrap capability 


Applications 

= DC and stepper motor drives 

m Position and velocity servomechanisms 
m= Factory automation robots 

@ Numerically controlled machinery 

= Computer printers and plotters 


THERMAL FLAG OUTPUT BOOTSTRAP 1  OUTPUT1 Vs ‘OUTPUT 2. BOOTSTRAP 2 
9 2 6 10 7 
( } & ( ) ( ) ( ) e 
THERMAL 





SENSING 


UNDERVOLTAGE 
LOCKOUT CHARGE 
PUMP 


DRIVE 


OVERCURRENT 
DETECTION 


SHUTDOWN 
DIRECTION 3 ()= 
BRAKE 4 () 
PwM 5() 


At 


INPUT 
LOGIC 






CHARGE 
Se CURRENT 

CURRENT DRIVE 
8 SENSE 
SENSING | ee 


x 


UO 
7 
GROUND 


DS010568-1 


FIGURE 1. Functional Block Diagram of LMD18200 
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Connection Diagrams and Ordering Information 


BOOTSTRAP 2 

OUTPUT 2 

THERMAL FLAG OUTPUT 
CURRENT SENSE OUTPUT 
GROUND 

Vg POWER SUPPLY 
PWM INPUT 

BRAKE INPUT 
DIRECTION INPUT 
OUTPUT 1 

BOOTSTRAP 1 


@anwnr ooonmnna oo 


_ 





MOUNTING TAB CONNECTED TO GROUND (PIN 7) 


DS010568-2 
11-Lead TO-220 Package 
Top View 
Order Number LMD18200T 
See NS Package TA11B 


Signal GND B 
Current Sense B 
Thermal Flag B 


VOUT 2B 
BOOTSTRAP 2B 


PWM B 
BRAKE B 
DIRECTION B 


BOOTSTRAP 1A 1 BOOTSTRAP 2A 
VouT1A7] 2 VOUT 2A 
DIRECTION A 3 Thermal Flag A 
BRAKE A 4 Current Sense A 
PWM A=} 5 Signal GND A 

Vg A 6 Power GND A 
Vg B 7 Power GND B 
8 
9 


VOUT 1B 
BOOTSTRAP 1B 





DS010568-25 


24-Lead Dual-in-Line Package 
Top View 
Order Number LMD18200-2D-QV 
5962-9232501VXA 
LMD18200-2D/883 
5962-9232501MXA 
See NS Package DA24B 
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LMD18201 


National Semiconductor 


LMD18201 
3A, 55V H-Bridge 


General Description — 
The LMD18201 is a 3A H-Bridge designed for motion control 


applications. The device is built using a multi-technology pro- 


cess which combines bipolar and CMOS control circuitry 


with DMOS power devices on the same monolithic structure. : 


The H-Bridge configuration is ideal for driving DC and step- 
per motors. The LMD18201 accommodates peak output cur- 
rents up to 6A. Current sensing can be achieved via a small 
sense resistor connected in series with the power ground 
lead. For current sensing without disturbing the path of cur- 
rent to the load, the LMD18200 is recommended. 


Features 

m Delivers up to 3A continuous output 

= Operates at supply voltages up to 55V 
m Low Rosony typically 0.33Q per switch 


Functional Diagram 


THERMAL FLAG OUTPUT BOOTSTRAP 
9 1 


THERMAL ~ 
SENSING 


UNDERVOLTAGE 
LOCKOUT 


OVERCURRENT 
DETECTION 





SHUTDOWN 

DIRECTION 3Q) 
BRAKE 4 Q 
Pw 5 Q) 


INPUT 
LOGIC 


8 
Signal Ground 


CHARGE 
| PUMP 
DRIVE 


‘@ TTL and CMOS compatible inputs 
m No “shoot-through” current 
m Thermal warning flag output at 145°C ~ 
m Thermal shutdown (outputs off) at 170°C 
m Internal clamp diodes 
@ Shorted load protection 
= Internal charge pump with external bootstrap capability 


Applications | 

= DC and stepper motor drives 

# Position and velocity servomechanisms 
= Factory automation robots 

= Numerically controlled machinery 

= Computer printers and plotters 


OUTPUT 2 
10 
@ 


BOOTSTRAP 2 
11 


1 OUTPUT 1 Vg 
2 6 
on 


CHARGE 
PUMP 
DRIVE 


~ 


~ Power Ground/Sense 


DS010793-1 


FIGURE 1. Functional Block Diagram of LMD18201 
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Connection Diagram and Ordering Information 


8 
7 
6 
5 
4] 
3 
2 
@ 


_ 





MOUNTING TAB CONNECTED TO GROUND (PIN 7) 
Top View 


Order Number LMD18201T 
See NS Package Number TA11B 
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BOOTSTRAP 2 

OUTPUT 2 

THERMAL FLAG OUTPUT 
SIGNAL GROUND 
POWER GROUND/SENSE 
Vg POWER SUPPLY 
PWM INPUT 

BRAKE INPUT 
DIRECTION INPUT 
OUTPUT 1 

BOOTSTRAP 1 


DS010793-2 
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LMD18245 


AY vational Semiconductor 


LMD18245 


3A, 55V DMOS Full-Bridge Motor Driver 


General Description 


The LMD18245 full-bridge power amplifier incorporates all 
the circuit blocks required to drive and control current in a 
brushed type DC motor or one phase of a bipolar stepper 
motor. The multi-technology process used to build the device 
combines bipolar and CMOS control and protection circuitry 
with DMOS power switches on the same monolithic struc- 
ture. The LMD18245 controls the motor current via a fixed 
off-time chopper technique. 


An all DMOS H-bridge power stage delivers continuous out- 
put currents up to 3A (6A peak) at supply voltages up to 55V. 
The DMOS power switches feature low Rogony for high ef- 
ficiency, and a diode intrinsic to the DMOS body structure 
eliminates the discrete diodes typically required to clamp bi- 
polar power stages. 


An innovative current sensing method eliminates the power 
loss associated with a sense resistor in series with the motor. 


A four-bit digital-to-analog converter (DAC) provides a digital 


path for controlling the motor current, and, by extension, sim- 
plifies implementation of full, half and microstep stepper mo- 
tor drives. For higher resolution applications, an external 
DAC can be used. 


Features 


DMOS power stage rated at 55V and 3A continuous 
Low Rosiony Of typically 0.3Q per power switch 
Internal clamp diodes 

Low-loss current sensing method 

Digital or analog control of motor current 

TTL and CMOS compatible inputs 

Thermal shutdown (outputs off) at T; = 155°C 

@ Overcurrent protection 

@ No shoot-through currents 

m 15-lead TO-220 molded power package 


Applications 

@ Full, half and microstep stepper motor drives 

m= Stepper motor and brushed DC motor servo drives 
m Automated factory, medical and office equipment 


Functional Block and Connection Diagram (15-Lead T0-220 Molded Power Package (T) ) 


THERMAL 
SHUTDOWN 


UNDERVOLTAGE 


LOCKOUT 


OVERCURRENT 
SHUTDOWN 





BRAKE 10 ( ) 


INPUT and 


CONTROL 


DIRECTION 11 ) LOGIC 


MONO 


MONOSTABLE 


ROSE 4 


CHARGE 
PUMP 
DRIVE 





COMPARATOR 


8 


OUT 1 Voc OUT 2 
1 9 15 
O) @ O 


CHARGE 
PUMP 
DRIVE 


CURRENT SENSE 
AMPLIFIER 


4-BIT DAC 


KR 


( ) 5 PGND 






( ) 14 DAC REF 
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O ® @ OOO © 
12 2 13 8 7 6 4 
SGND COMP OUT CS OUT M1 M2 M3 M4 
DS011878-1 
Order Number LMD18245T 


See NS Package Number TA15A 
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Universal Serial Bus Products Selection Guide 


AY national Semiconductor 


Universal Serial Bus Products Selection Guide 

























Part Channels Switch Input 





Supply Supply Input Output 


























Number On-Resistance Current, Current, Voltage Voltage Current 
(Ohm, typ.) Switches ON Switches V (Min) V (Max) Amps 
(mA, typ.) OFF (Max) 





(mA, typ.) 





LM3525 
LM3526 
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LM3525 


National Semiconductor 


GCSEINT 


Single Port USB Power Switch and Over-Current 


Protection 


General Description 


The LM3525 provides Universal Serial Bus standard power §& 
switch and over-current protection for all host port applica- 
tions. The single port device is ideal for Notebook PC and 
Handheld PC applications that supply power to one port. 


A 1 ms delay on fault flag output prevents erroneous over- 
current reporting caused by inrush currents during the 
hot-plug events. . 


The LM3525 accepts an input voltage between 2.7V and 


Features 


1 ms Fault Flag Deiay During Hot-Plug Events 
Smooth Turn-On Eliminates Inrush Induced Voltage 
Drop 

UL Recognized Component: REF # 205202 

1A Nominal Short Circuit Output Current Protects 
Notebook PC Power Supplies 

Thermal Shutdown Protects Device in Direct Short 
Condition 





5.5V allowing use as a device-based inrush current limiter = 500mA Minimum Continuous Load Current 
for 3.3V USB peripherals, as well as Root and Self-Powered m Small SO-8 Package Minimizes Board Space 
Hubs at 5.5V. The Enable input accepts both 3.3V and5.0V sw 2.7V to 5.5V Input Voltage Range 
pOUIe TRSSNOIes = Switch Resistance < 120 mQ Max. at Viy = 5V 
The small size, low Ron, and 1 ms fault flag delay make the = 4A Max Standby Current 
LM3525 a good choice for root hubs as well as ganged) = 490 A Max Operating Current 
power control in space-critical self-powered hubs. = Undervoltage Lockout (UVLO) 
Applications 
m Universal Serial Bus (USB) Root Hubs including 
Desktop and Notebook PC 
m= USB Monitor Hubs 
m Other Self-Powered USB Hub Devices 
m High Power USB Devices Requiring Inrush Limiting 
m General Purpose High Side Switch Applications 


Typical Operating Circuit and Connection Diagram 


LM3525 









Error 
Detect 
and 
Shutdown 
Control 







Hub 
Controller | 


DS101055-1 





UL Recognized Component 
DS101055-31 





DS101055-2 


LM3525M-L 





DS101055-30 


LM3525M-H 
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Ordering Information 













SO-8, 
NS Package . 
Number MO8A 
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LM3526 


National Semiconductor 


92SENT 


Dual Port USB Power Switch and Over-Current 


Protection 


General Description 


The LM3526 provides Universal Serial Bus standard power #® 
switch and over-current protection for all host port applica- 
tions. The dual port device is ideal for Notebook and desktop 
PC’s that supply power to more than one port. 


A 1 ms delay on the fault flag output prevents erroneous 
overcurrent reporting caused by in-rush currents during 
hot-plug events. 


The dual stage thermal protection circuit in the LM3526 pro- 
vides individual protection to each switch and the entire de- 
vice. In a short-circuit/over-current event, the switch dissipat- 
ing excessive heat is turned off, allowing the second switch 
to continue to function uninterrupted. 


The LM3526 accepts an input voltage between 2.7V and 
5.5V allowing use as a device-based in-rush current limiter 
for 3.3V USB peripherals, as well as Root and Self-Powered 
Hubs at 5.5V. The Enable inputs accept both 3.3V and 5.0V 
logic thresholds. 

The small size, low Ron, and 1 ms fault flag delay make the &® 
LM3526 a good choice for root hubs as well as per-port 


power control in embedded and stand-alone hubs. a 
= 


Features 


1 ms fault flag delay filters Hot-Plug events 
Smooth turn-on eliminates in-rush induced voltage drop 
UL recognized component: REF# 205202 

1A nominal short circuit output current protects PC 
power supplies 

Thermal shutdown protects device in direct short 
condition 

500mA minimum continuous load current 

Smail SO-8 package minimizes board space 

2.7V to 5.5V input voltage range 

140 mQ Max. switch resistance 

1 yA Max. standby current 

200 yA Max. operating current 

Under-voltage lockout (UVLO) 


Applications 


Universal Serial Bus (USB) Root Hubs including 
Desktop and Notebook PC 

USB Monitor Hubs 

Other Self-Powered USB Hub Devices 

High Power USB Devices Requiring In-rush Limiting 
General Purpose High Side Switch Applications 


Typical Operating Circuit and Connection Diagram 


LM3526-H 


OUT A 


OUT B 


FLAG B 
Shutdown Shutdown 


- Contro!} Control 
oe 


") 


UL Recognized Component 
DS101097-40 


EN B 


Hub 
Controller 





DS101097-1 
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LM3526-H 





DS101097-28 


LM3526-L 
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Ordering Information 
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Section 12 
Temperature Sensors and 
System Hardware Monitors 
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Temperature Sensor Selection Guide 


oe Output Sensor 
-—_— =#ERR= 
wveos | Cans temperate SE ae -17 | 42Av'10 
uaa | Fern ees, ‘Sov 
+100°C 
+100°C 
eo os ao P| tomre +45 to 
+125°C 
woe [Foams Seae | Aamo | FE | seo | (emawe |e 
iweoc | Fnperaturs Soreor_| Anaeo | se | s4oe | | ezsmvro | “iy 
ove [imemanime [ae [ane [woe [| ware [ARP 
ve [immer [ae [case [woe [| ware [ARP 
Li 






Quiescent 
Current 
(max) 


Operating 
Temp 
Range 













Supply 
Voltage 












SPIN) UOI}IEI9S JOSUSS sIN}BJedws] 





10 vA 


163 pA 
181 yA 
142 pA 
159 pA 
159 HA 
133 pA 
161 WA 
116 pA 


141 pA 





141 pA 


160 pA 


160 pA 


180 pA 


180 pA 


125 pA 


125 WA 
155 pA 
155 yA 
cwsas | SOLES Gate = aK 


Precision Shunt : 
LM135 —_| Celsius Temperature Be tomvrk | Shunt 
Sensor 
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165 pA 


0.4 mA 
to 5mA 


0.4 mA 
to 5mA 





Temperature Sensor Selection Guide 


















Description Tye Temp ee Currant 









Analog Output sone Sensors 


| Diattal sate Temperature Sensor 
Low Power Dual 

LMS56B Output Thermostat 6.2 mV/'C bo ae 230 pA 

eemnvcc:.|. 1 230 pA 


Low Power Dual 
LM56C Output Thermostat 
Dual Output 7 
Thermostat, +2.7V to 
LM66 Preset at +73°C and 6.2 mV/'C +10V 250 HA 
+82°C 
SPI/MICROWIRE, 3-Wire 1.5/-2.0°C 0.25°C 42.65V to 
Temperature Sensor 
SPI/MICROWIRE, ; 
LM74 12-Bit Plus Sign rat ee lt eteoe ae 8 0N to 520 yA 
Temperature Sensor 
8-bit Plus Sign, 2-Wire 
LM75 Temperature Sensor Sefal”, Beri c wnt ts oe BV 
0.0625°C +3.0V to 













































leer Plus Sign, -Wi % 
Pl Temperature -55°C to 
LM76CNM Sensor _CRIT +150°C 
INT 
| 12-8 Plus Sign, -Wi 3 ‘ 
ACPI Temperature i -55°C to 0.0625° +4.5V to 
LM76CHM | Sensor "CRIT A, +150°C /LSB +5.5V 450 YA 
INT 
12-Bit Plus Sign, -Wi 
ACPI Temperature ial*, -55°C to +3.0V to 
LM77 Sensor _CRIT_A, +125°C +5.5V 500 pA 
INT 
7-Bit Plus oe -Wi y 
Remote Diode i fc spt : tg 
LM82 Temperature Sensor -GAITA, 800 HA 
7-Bit Plus Sign, Triple -Wi 
Remote i -40°C to +3.0V to 
LM83 Diode Temperature _CRIT_A, +125°C +3.6V 800 PA 
Sensor INT 
7-Bit Plus Sign, 2-Wire . +4.0°C 
‘LMe4 Remote Diode Serial”, oe | 460°C to 13.0Vt0 | 
Temperature Sensor +100°C 
12-Bit Plus Sign i 5 
-55°C to +0.33°C 
.LM92CiM +150°C | at +30°C 


Temperature Sensor 
- SMBus or I?C compatible 
















0.0625°C +2.7V to 
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System Hardware Monitor Selection Guide 


Voltage Temperature 
Supply | Quiescent 
Operating Monitoring Sensor Sensor 
Device Description ra Current 
Temp Range Accuracy Accuracy Gain (mA) 
(max) (max) 


LM78 ISA Bus/2 Wire Sorel Se stem 
Hardware Monitor ( j -40'C to +1% +3.0°C 1°C/LSB a 25V to 
Recommended for New Designs) +125°C FBV 


LM79 ISA Bus/2 Wire Serial System 4+4.25V to 
Hardware Monitor (Not -40°C to +125°C £1% +3.0°C 1°C/LSB 5.75V 2mA 
Recommended for New Designs) 

pee % Wire Serial oe | Hardware Ea | oc | ores C | +2.8V to 

iewatl i en System Hardware Monitor 
(D/A Output and Input Scaling -40°C to +125°C | £1.2% +3,0°C e: ss C aay 1.4mA 
Reser 

LM87 SMBus Remote Diode System 
Hardware Monitor (with D/A Output | -40°C to +125°C | #2% =| Pe Miveina). | rcase | 2eay° | 2.0mA 
and Input Scaling Resistors) 


SPINS) UON}DII9S JO}IUOW sJeMpsJeH] Wa}SAS 








12-5 www.national.com 


LM20 





LM20 


A national Semiconductor 


2.4V, 10uA, SC70, micro SMD Temperature Sensor 


General Description 


| The LM20 is a_ precision analog output CMOS 


integrated-circuit temperature sensor that operates over a 
-55°C to +130°C temperature range. The power supply op- 
erating range is +2.4 V to +5.5 V. The transfer function of 
LM20 is predominately linear, yet has a slight predictable 
parabolic curvature. The accuracy of the LM20 when speci- 
fied to a parabolic transfer function is +1.5°C at an ambient 
temperature of +30°C. The temperature error increases lin- 
early and reaches a maximum of £2.5°C at the temperature 
range extremes. The temperature range is affected by the 
power supply voltage. At a power supply voltage of 2.7 V to 
5.5 V the temperature range extremes are +130°C and 
-55°C. Decreasing the power supply voltage to 2.4 V 
changes the negative extreme to —30°C, while the positive 
remains at +130°C. 


The LM20’s quiescent current is less than 10 pA. Therefore, 
self-heating is less than 0.02°C in still air. Shutdown capabil- 


| ity for the LM20 is intrinsic because its inherent low power 


consumption allows it to be powered directly from the output 
of many logic gates or does not necessitate shutdown at all. 


Applications 

m Cellular Phones 

m= Computers 

m™ Power Supply Modules 
m= Battery Management 


Typical Application 


V+ (+2.4V to +5.5V) 





DS100908-2 


Vo = (-3.88X10-xT?) + (-1.15x10-2xT) + 1.8639 


or 


(1.8639 - Vo) 


6 


T =-1481.96 + /s0 x 10° + 
3.88 x 10 


where: 
T is temperature, and Vo is the measured output voltage of the LM20. 


m™ FAX Machines 
= Printers 

= HVAC 

m™ Disk Drives 

m™ Appliances 


Features 

m= Rated for full -55°C to +130°C range 

m Available in an SC70 and a micro SMD package 
m™ Predictable curvature error 

™ Suitable for remote applications 


Key Specifications 


m Accuracy at +30°C +1.5 to +4 °C (max) 
m@ Accuracy at +130°C & -55°C +2.5 to +5 °C (max) 
m Power Supply Voltage 


Range +2.4V to +5.5V 
@ Current Drain 10 yA (max) 
m@ Nonlinearity +0.4 % (typ) 
m Output Impedance 160 Q (max) 
m Load Regulation 

OA <1,< +16 pA ~—2.5 mV (max) 


Output Voltage vs Temperature 





OUTPUT VOLTAGE (V) 


-75 -60 -25 0 25 50 75 100 125 150 


TEMPERATURE (°C) 
DS100908-24 


Full-Range Celsius (Centigrade) Temperature Sensor (-55°C to +130°C) 
Operating from a Single Li-lon Battery Cell 
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Typical Application (continued) Typical V, 


1863.9 mV 


Temperature (T) Typical Vo 


+100°C +675 mV 
19 mV 





Connection Diagrams 


$C70-5 micro SMD 


4 
| LM20 2_ GND 
1 
GND ~ NC 


DS100908-1 





Note: 
- GND (pin 2) may be grounded or left floating. For optimum thermal eras 
conductivity to the pc board ground plane pin 2 should be grounded. Note: 
- NC (pin 1) should be left floating or grounded. Other signal traces - Pin numbers are referenced to the package marking text orientation. 
should not be connected to this pin. - Reference JEDEC Registration MO-211, variation BA 
Top View - The actual physical placement of package marking will vary slightly 
from part to part. The package marking will designate the date code and 
See NS Package Number MAA0S5A will vary considerably. Package marking does not correlate to device type 
in any way. 
Top View 


See NS Package Number BPAO4DDC 





_ Ordering Information 


Order Temperature Temperature NS Package Device 
LM20BIM7 1000 Units on Tape and Reel 
LM20BIM7X 3000 Units on Tape and Reel 
LM20CIM7 1000 Units on Tape and Reel 
LM20CIM7X 3000 Units on Tape and Reel 


LM20SIBP +3.5°C —40°C to +125°C BPA04DDC Date 250 Units on Tape and Reel 
Code 

LM20SIBPX -40°C to +125°C BPAO4DDC 3000 Units on Tape and Reel 
Code 
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LM34 


National Semiconductor 


LM34 
Precision Fahrenheit Temperature Sensors 


hermetic TO-46 transistor packages, while the LM34C, 
LM34CA and LM34D are also available in the plastic TO-92 ‘|: 
transistor package. The LM34D is also available in an 8-lead 
surface mount small outline package. The LM34 is a comple- 


General Description 


The LM34 series are precision integrated-circuit temperature 
sensors, whose output voltage is linearly proportional to the 


Fahrenheit temperature. The LM34 thus has an advantage 
over linear temperature sensors calibrated in degrees 


ment to the LM35 (Centigrade) temperature sensor. 


Kelvin, as the user is not required to subtract a large con- 

stant voltage from its output to obtain convenient Fahrenheit Features 

scaling. The LM34 does not require any external calibration ™ Calibrated directly in degrees Fahrenheit 
or trimming to provide typical accuracies of +¥%2°F at room =™ Linear +10.0 mV/'F scale factor 
temperature and +11°F over a full -50 to +300°F tempera- =m 1.0°F accuracy guaranteed (at +77°F) 
ture range. Low cost is assured by trimming and calibration m Rated for full —50° to +300°F range 

at the wafer level. The LM34’s low output impedance, linear m™ Suitable for remote applications 

output, and precise inherent calibration make interfacing to Low cost due to wafer-level trimming 
readout or control circuitry especially easy. It can be used = Operates from 5 to 30 volts 

with single power supplies or with plus and minus supplies. 

As it draws only 75 uA from its supply, it has very low ™ Less than 90 pA current drain 
self-heating, less than 0.2°F in still air. The LM34 is rated to ™ Low self-heating, 0.18°F in still air 
operate over a -50° to +300°F temperature range, while the . ™ Nonlinearity only +0.5°F typical 

LM34C is rated for a —40° to +230°F range (0°F with im- | Low-impedance output, 0.4Q for 1 mA load 


proved accuracy). The LM34 series is available packaged in 


Connection Diagrams 


TO-46 
Metal Can Package TO-92 a6 
(Note 1) Plastic Package “8 








Small Outline 
Molded Package 


\_) 
Vout 7]! epr as 
GNDO N.C. = 2 7 I= N.C. 
BOTTOM VIEW 
DS006685-1 DS006685-2 N.C. 3 6 N.C. 
Order Numbers LM34H, Order Number LM34CZ, GND == 4 5N.C. 


LM34AH, LM34CH, 
LM34CAH or LM34DH 


LM34CAZ or LM34DZ 
See NS Package 


DS006685-20 


See NS Package Number Z03A N.C. = No Connection 
Number H03H . Top View 
Order Number LM34DM 
See NS Package Number MO8A| 
Note 1: Case is connected to negative pin (GND). 
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Typical Applications 


+Vg 
(+5V TO + 20V) 


LM34 Vout = + 10.0 mV/°F 


DS006685-3 


FIGURE 1. Basic Fahrenheit Temperature Sensor 
(+5° to +300°F) 


+Vs 


CHOOSE Ry=(—Vs)/50 vA 

Vout = + 3,000 mV AT + 300°F 
= +750 mV AT +75°F 
= —500 mV AT —50°F 


Vout 





DS006685-4 


FIGURE 2. Full-Range Fahrenheit Temperature Sensor 
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LM35 


National Semiconductor 


Precision Centigrade Temperature Sensors 


General Description 


The LM35 series are precision integrated-circuit temperature 
sensors, whose output voltage is linearly proportional to the 
Celsius (Centigrade) temperature. The LM35 thus has an 
advantage over linear temperature sensors calibrated in 
* Kelvin, as the user is not required to subtract a large con- 
stant voltage from its output to obtain convenient Centigrade 
scaling. The LM35 does not require any external calibration 
or trimming to provide typical accuracies of +%°C at room 
temperature and +%°C over a full -55 to +150°C tempera- 
ture range. Low cost is assured by trimming and calibration 
at the wafer level. The LM35’s low output impedance, linear 
output, and precise inherent calibration make interfacing to 
readout or control circuitry especially easy. It can be used 
with single power supplies, or with plus and minus supplies. 
As it draws only 60 pA from its supply, it has very low 
self-heating, less than 0.1°C in still air. The LM35 is rated to 
operate over a —55° to +150°C temperature range, while the 
LMS5C is rated for a -40° to +110°C range (-10° with im- 
proved accuracy). The LM35 series is available packaged in 


| Typical Applications 


+Vs 
(4V TO 20V) 


LM35 


OUTPUT 
0 mV + 10.0 mv/°C 


DS005516-3 


FIGURE 1. Basic Centigrade Temperature Sensor 
(+2°C to +150°C) 


hermetic TO-46 transistor packages, while the LM35C, 
LM35CA, and LM35D are also available in the plastic TO-92 
transistor package. The LM35D is also available in an 8-lead 
surface mount small outline package and a plastic TO-220 
package. 


Features 


Calibrated directly in ° Celsius (Centigrade) 
Linear + 10.0 mV/°C scale factor 

0.5°C accuracy guaranteeable (at +25°C) 
Rated for full -55° to +150°C range 
Suitable for remote applications 

Low cost due to wafer-level trimming 
Operates from 4 to 30 volts 

Less than 60 pA current drain 

Low self-heating, 0.08°C in still air 
Nonlinearity only +°C typical 

Low impedance output, 0.1 Q for 1 mA load 


—Vs 
DS005516-4 
Choose R,; = -Vs/50 pA 
V out=+1,500 mV at +150°C 
= +250 mV at +25°C 
= —550 mV at -55°C 


FIGURE 2. Full-Range Centigrade Temperature Sensor 
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Connection Diagrams 


TO-46 
Metal Can Package* 





BOTTOM VIEW 
DS005516-1 


“Case is connected to negative pin (GND) 
Order Number LM35H, LM35AH, LM35CH, LM35CAH or 


LM35DH 
See NS Package Number H03H 


TO-92 
Plastic Package 


+Vs Vour GND 


BOTTOM VIEW 
DS005516-2 
Order Number LM35CZ, 
LM35CAZ or LM35DZ 
See NS Package Number Z03A 






SEW) 


SO-8 
Small Outline Molded Package 
Vout “4! Y BI +V, 
N.C. 42 7/—N.C. 
N.C.—43 6 F— N.C. 
GND —4 4 5 N.C. 
DS005516-21 
N.C. = No Connection 
Top View 


Order Number LM35DM 
See NS Package Number M08A 


TO-220 
Plastic Package” 


LM 
35DT 


*Vs Vout 
ND 
DS005516-24 
*Tab is connected to the negative pin (GND). 
Note: The LM35DT pinout is different than the discontinued LM35DP. 
Order Number LM35DT 
See NS Package Number TAO3F 
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A vationat Semiconductor 


LM45 


SOT-23 Precision Centigrade Temperature Sensors 


General Description 


The LM45 series are precision integrated-circuit temperature 
sensors, whose output voltage is linearly proportional to the 
Celsius (Centigrade) temperature. The LM45 does not re- 
quire any external calibration or trimming to provide accura- 
cies of +2°C at room temperature and +3°C over a full -20 to 
+100°C temperature range. Low cost is assured by trimming 
and calibration at the wafer level. The LM45’s low output im- 
pedance, linear output, and precise inherent calibration 
make interfacing to readout or control circuitry especially 
easy. It can be used with a single power supply, or with plus 
and minus supplies. As it draws only 120 pA from its supply, 
it has very low self-heating, less than 0.2°C in still air. The 
LM45 is rated to operate over a —20° to +100°C temperature 
range. 


Applications 
= Battery Management 
m FAX Machines 

@ Printers 


Connection Diagram 


SOT-23 





DS011754-1 


Top View 
See NS Package Number MA03B 


Typical Applications 


+V¢> 
(4.0V TO 10V) 
OUTPUT 
LM45 Vout = (10 mV/°C x Temp °C) 
| Voy = +1,000 mV at +100°C 


Vout = +250 mV at +25°C 


DS011754-3 


FIGURE 1. Basic Centigrade Temperature 
Sensor (+2.5°C to +100°C) 


m Portable Medical Instruments 
mg HVAC 

m Power Supply Modules 

m™ Disk Drives 

= Computers 

m Automotive 


Features 

Calibrated directly in ° Celsius (Centigrade) 
Linear + 10.0 mV/°C scale factor 

+3°C accuracy guaranteed 

Rated for full -20° to +100°C range 
Suitable for remote applications 

Low cost due to wafer-level trimming 
Operates from 4.0V to 10V 

Less than 120 yA current drain 

Low self-heating, 0.20°C in still air 
Nonlinearity only +0.8°C max over temp 
Low impedance output, 20Q for 1 mA load 


SOT-23 | 
Device 
Marking Supplied As 


LMASCIMGX | TAC 


Order 
Number 





+Vo 
(4.0V TO 10V) 


LM45 Vout 
Ri 


“Vs 
DS011754-4 
Choose Ry = —Vs/50 HA 
Vout= (10 mV/°C x Temp °C) 
Vout = +1,000 mV at +100°C 
= +250 mV at +25°C 
= ~200 mV at -20°C 


FIGURE 2. Full-Range Centigrade 
Temperature Sensor (-20°C to +100°C) 
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LM50 


OSIN'T 


SOT-23 Single-Supply Centigrade Temperature Sensor 


Applications 


General Description 


The LM50 is a precision integrated-circuit temperature sen- 
sor that can sense a —40°C to +125°C temperature range us- 
ing a single positive supply. The LM50’s output voltage is lin- 
early proportional to Celsius (Centigrade) temperature 
(+10 mV/‘C) and has a DC offset of +500 mV. The offset al- 
lows reading negative temperatures without the need for a 
negative supply. The ideal output voltage of the LM50 ranges 
from +100 mV to +1.75V for a -40°C to +125°C temperature 
range. The LM50 does not require any external calibration or 
trimming to provide accuracies of +3°C at room temperature 
and +4°C over the full -40°C to +125°C temperature range. 
Trimming and calibration of the LM50 at the wafer level as- 
sure low cost and high accuracy. The LM50’s linear output, 
+500 mV offset, and factory calibration simplify circuitry re- 
quired in a single supply environment where reading nega- 
tive temperatures is required. Because the LM50’s quiescent 
current is less than 130 A, self-heating is limited to a very 
low 0.2°C in still air. 


Connection Diagram 


SOT-23 


GND 


DS012030-1 
Top View 
See NS Package Number MA03B 


Typical Application 


+Vo 
(4.5V TO 10V) 
OUTPUT 
LMSO Vour 
Vout = 


Vout = 


Computers 

Disk Drives 

Battery Management 
Automotive 

FAX Machines 

Printers 

Portable Medical Instruments 
HVAC 

Power Supply Modules 


Features 







Order 
and Reel 
and Reel 
and Reel 


Calibrated directly in degree Celsius (Centigrade) 
Linear + 10.0 mV/°C scale factor 

+2°C accuracy guaranteed at +25°C 

Specified for full -40° to +125°C range 

Suitable for remote applications 

Low cost due to wafer-level trimming 

Operates from 4.5V to 10V 

Less than 130 yA current drain 

Low self-heating, less than 0.2°C in still air 
Nonlinearity less than 0.8°C over temp 


Supplied As 
1000 Units on Tape 
and Reel 






SOT-23 
Device Marking 






= (10 mV/°C x Temp °C) +500 mV 
+1.750V at +125°C 
Vout = +750 mV at +25°C 
+100 mV at -40°C 


DS012030-3 


FIGURE 1. Full-Range Centigrade Temperature Sensor (-40°C to +125°C) 
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LM56 


National Semiconductor 


Dual Output Low Power Thermostat 


General Description 


The LM56 is a precision low power thermostat. Two stable 
temperature trip points (V;, and V+.) are generated by divid- 
ing down the LM56 1.250V bandgap voltage reference using 
3 external resistors. The LM56 has two digital outputs. OUT1 
goes LOW when the temperature exceeds T1 and goes 
HIGH when the the temperature goes below (T1—Tyysr). 
Similarly, OUT2 goes LOW when the temperature exceeds 
T2 and goes HIGH when the temperature goes below 
(T2-Tyyst). THyst is an internally set 5°C typical hysteresis. 
The LM56 is available in an 8-lead Mini-SO8 surface mount 
package and an 8-lead small outline package. 


Applications 

Microprocessor Thermal Management 
Appliances 

Portable Battery Powered 3.0V or 5V Systems 
Fan Control 

Industrial Process Control 

HVAC Systems 

Remote Temperature Sensing 

Electronic System Protection 


Features 


m Digital outputs support TTL logic levels 

@ Internal temperature sensor 

@ 2 internal comparators with hysteresis 

m Internal voltage reference 

m™ Currently available in 8-pin SO plastic package 
m Future availability in the 8-pin Mini-SO8 package 


Key Specifications 


m Power Supply Voltage 

m Power Supply Current 

@ Ver 

m@ Hysteresis Temperature 

m Internal Temperature Sensor 


Output Voltage (+6.20 mV/°C x T) +395 mV 
= Temperature Trip Point Accuracy: | 


es 


2.7V-10V 

230 yA (max) 
1.250V +1% (max) 
5°C 











Simplified Block Diagram and Connection Diagram 


1.250V Reference 





DS012893-1 


LM56BIM 
MO8A 
Package 
Number 






2500 Units 
Tape & 
Reel 
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OUT2 


Cte oes | Je 


DS012893-2 





Order LM56BIMX | LM56CIM | LM56CIMX | LM56BIMM | LM56BIMMX | LM56CIMM | LM56CIMMX 
Number 
NS 


MO8A MO08A MO8A MUAO8A MUA08A MUAO08A MUAO08A 
SOP-8 SOP-8 SOP-8 SOP-8 MSOP-8 MSOP-8 MSOP-8 MSOP-8 


2500 Units 


Tape & 
Reel 


LMS56BIM | LMS56BIM | LM56CIM | LMS56CIM T02B T02B TO2C T02C 
Marking e, | os |e 


3500 Units 
Tape & Reel 


3500 Units 
Tape & Reel 
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Typical Application 


9SINT 


System Fan SV £10% 
Sanyo Denki 109R0612T4H12 







0.1 pF 
O 12V 410% 


System Clock 

+2 Control 
DS012893-3 

Vy = 1.250V x (R1)/(R1 + R2 + R3) 

Vro = 1.250V x (R1 + R2)/(R1 + R2 + R3) 

where: 

(R1 + R2 + R3) = 27 kQ and 

Vr4 or T2 = [6.20 mV/°C x T] + 395 mV therefore: 

R1 = V74/(1.25V) x 27 kQ 

R2 = (Vyo/(1.25V) x 27 kQ) — R1 

R3 = 27 kQ — Ri - R2 


FIGURE 1. Microprocessor Thermal Management 
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National Semiconductor 


LM60. 


2.7V, SOT-23 Temperature Sensor 


General Description 


The LM60 is a precision integrated-circuit temperature sen- 
sor that can sense a —40°C to +125°C temperature range 
while operating from a single +2.7V supply. The LM60’s out- 
put voltage is linearly proportional to Celsius (Centigrade) 
temperature (+6.25 mV/°C) and has a DC offset of +424 mV. 
The offset allows reading negative temperatures without the 
need for a negative supply. The nominal output voltage of the 
LM60 ranges from +174 mV to +1205 mV for a —40°C to 
+125°C temperature range. The LM6O0 is calibrated to pro- 
vide accuracies of +2.0°C at room temperature and +3°C 
over the full -25°C to +125°C temperature range. 


The LM60’s linear output, +424 mV offset, and factory cali- 
bration simplify external circuitry required in a single supply 
environment where reading negative temperatures is re- 
quired. Because the LM60’s quiescent current is less than 
110 pA, self-heating is limited to a very low 0.1°C in still air. 
Shutdown capability for the LM6O0 is intrinsic because its in- 
herent low power consumption allows it to be powered di- 
rectly from the output of many logic gates. 


Features 
m Calibrated linear scale factor of +6.25 mV/°C 
m™ Rated for full -40° to +125°C range 


Connection Diagram 
SOT-23 


+Vo 
GND 

Vo 
DS012681-1 


Top View 
See NS Package Number MA03B 


Order Information 
Order 
Number Device Supplied As 
Marking 





SOT-23 









m Suitable for remote applications 


Applications 


@ Cellular Phones 

= Computers 

m= Power Supply Modules 
m= Battery Management 
m FAX Machines 

m@ Printers 

m@ HVAC 

m Disk Drives 

m Appliances 


Key Specifications 

m Accuracy at 25°C: +2.0 and +3.0°C (max) 

m@ Accuracy for -40°C to +125°C: | +4.0°C (max) 
@ Accuracy for -25°C to +125°C: = +3.0°C (max) 
m™ Temperature Slope: +6.25 mV/°C 

m Power Supply Voltage Range: +2.7V to +10V 
= Current Drain @ 25°C: 110 yA (max) 

m= Nonlinearity: +0.8°C (max) 

@ Output Impedance: 800Q (max) 


Typical Application 


+Vg (+2.7V to +10V) 


LM60 b= Vo 


Single Li-ion 
Battery Cell 


DS012681-2 
Vo = (+6.25 mV/"C x T °C) + 424 mV 


Temperature (T) Typical Vo 













FIGURE 1. Full-Range Centigrade Temperature Sensor 
(~40°C to +125°C) Operating from a Single Li-lon 
Battery Cell 
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National Semiconductor 





LM61 


2.7V, SOT-23 or TO-92 Temperature Sensor 


General Description 


The LM61 is a precision integrated-circuit temperature sen- 
sor that can sense a -30°C to +100°C temperature range 
while operating from a single +2.7V supply. The LM61’s out- 
put voltage is linearly proportional to Celsius (Centigrade) 
temperature (+10 mV/°C) and has a DC offset of +600 mV. 
The offset allows reading negative temperatures without the 
need for a negative supply. The nominal output voltage of the 
LM61 ranges from +300 mV to +1600 mV for a -30°C to 
+100°C temperature range. The LM61 is calibrated to pro- 
vide accuracies of +2.0°C at room temperature and +3°C 
over the full -25°C to +85°C temperature range. 


The LM61’s linear output, +600 mV offset, and factory cali- 
bration simplify external circuitry required in a single supply 
environment where reading negative temperatures is re- 
quired. Because the LM61’s quiescent current is less than 
125 vA, self-heating is limited to a very low 0.2°C in still air. 
Shutdown capability for the LM671 is intrinsic because its in- 
herent low power consumption allows it to be powered di- 
rectly from the output of many logic gates. 


Features 

™ Calibrated linear scale factor of +10 mV/°C 
= Rated for full -30° to +100°C range 

m™ Suitable for remote applications 


Typical Application 


Single Li-ion 
Battery Cell 


Applications 


= Cellular Phones 

= Computers 

m™ Power Supply Moduies 
= Battery Management 
m™ FAX Machines 

m@ Printers 

m HVAC 

m™ Disk Drives 

@ Appliances 


Key Specifications 


B Accuracy at 25°C 


Accuracy for -30°C to +100°C 
Accuracy for -25°C to +85°C 
Temperature Slope 

Power Supply Voltage Range 
Current Drain @ 25°C 
Nonlinearity 

Output Impedance 


+Vo (+2.7V to +10V) 


LM6 1 Vo 


DS012897-2 


Vo = (410 mV/C x T °C) + 600 mV 





+100°C 
+85°C 
+25°C 
oc 
-25°C 
-30°C 








Temperature ( 






+600 mV 


+350 mV 
+300 mV 







FIGURE 1. Full-Range Centigrade Temperature Sensor (-30°C to +100°C) 
Operating from a Single Li-lon Battery Cell 
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+2.0 or +3.0°C 
(max) 

+4.0°C (max) 
+3.0°C (max) 
+10 mV/°C 
+2.7V to +10V 
125 yA (max) 
+0.8°C (max) 
800 (max) 
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LOW 


LM61 


Connection Diagrams 


SOT-23 


+Vc 
GND 

Vo 
DS012897-1 


Top View 
See NS Package Number MA03B 


Ordering Information 










Order 
Number 







Device 
Marking 


Supplied In 
Temperature 
Range (°C) 


TO-92 


+Vs Vour GND 


BOTTOM VIEW 
DS012897-25 - 


; Top View 
See NS Package Number Z03A 




















Accuracy 
Over Specified Package 
Specified Temperature Foe 
Range yP 










SEI 
(MerCiMaX 


SOT-23 
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National Semiconductor 


LM62 


2.7V, 15.6 mV/'C SOT-23 Temperature Sensor 


General Description 


The LM62 is a precision integrated-circuit temperature sen- 
sor that can sense a 0°C to +90°C temperature range while 
operating from a single +3.0V supply. The LM62’s output 
voltage is linearly proportional to Celsius (Centigrade) tem- 
perature (+15.6 mV/°C) and has a DC offset of +480 mV. 
The offset allows reading temperatures down to 0°C without 
the need for a negative supply. The nominal output voltage of 
the LM62 ranges from +480 mV to +1884 mV for a 0°C to 
+90°C temperature range. The LM62 is calibrated to provide 
accuracies of +2.0°C at room temperature and +2.5°C/ 
-—2.0°C over the full 0°C to +90°C temperature range. 


The LM62’s linear output, +480 mV offset, and factory cali- 
bration simplify external circuitry required in a single supply 
environment where reading temperatures down to 0°C is re- 
quired. Because the LM62’s quiescent current is less than 
130 YA, self-heating is limited to a very low 0.2°C in still air. 
Shutdown capability for the LM62 is intrinsic because its in- 
herent low power consumption allows it to be powered di- 
rectly from the output of many logic gates. 


Features 


m™ Calibrated linear scale factor of +15.6 mV/°C 
= Rated for full O°C to +90°C range with 3.0V supply 
m@ Suitable for remote applications 


Connection Diagram 


SOT-23 


GND 


DS100893-1 
Top View 
See NS Package Number MA03B 


Ordering Information 


Order SOT-23 
Number Device Supplied As 
Marking 


: 
T7 












LM62CIM3 1000 Units on Tape and Reel 
LM62CIM3X 3000 Units on Tape and Ree! 
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Applications 
Cellular Phones 
Computers 

Power Supply Modules 
Battery Management 
FAX Machines 

Printers 

HVAC 

Disk Drives 
Appliances 


Key Specifications 


m@ Accuracy at 25°C +2.0 or £3.0°C 
(max) 
Temperature Slope +15.6 mV/°C 


+2.7V to +10V 
130 yA (max) 
+0.8°C (max) 
4.7 kQ (max) 


a 
m Power Supply Voltage Range 
m Current Drain @ 25°C 
m@ Nonlinearity 

m Output Impedance 


Typical Application 


+Vg (+2.7V to +10V) 


Single Li-ion 
LM62 
Battery Cell Yo 


™  pgt008es-2 
Vo = (+15.6 mV/°C x T°C) + 480 mV 


FIGURE 1. Full-Range Centigrade Temperature Sensor 
(0°C to +90°C) Stabilizing a Crystal Oscillator 
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LM66 


‘National Semiconductor 


LM66 


Dual Output Internally Preset Thermostat 


General Description 


The LM66 is a precision low power thermostat. Two stable 
temperature trip points (V--, and V;.) are generated by divid- 
- ing down the LM66 1.250V bandgap voltage reference using 
a resistors divider network. The LM66 has two digital out- 
puts. OUT1 goes LOW when the temperature exceeds T1 


| and goes HIGH when the the temperature goes below 


(T1-Tyysr). Similarly, OUT2 goes LOW when the tempera- 

ture exceeds T2 and goes HIGH when the temperature goes 

below (T2—Tyysr)- Tuysr is an internally set 5°C typical hys- 
~ teresis. 


| The LM66 is currently available in an 8-lead small outline 


package. 


| Applications 


Microprocessor Thermal Management 
Appliances 

Portable Battery Powered 3.0’ or 5V Systems 
Fan Control 

Industrial Process Control 

HVAC Systems 

Remote Temperature Sensing 





Simplified Block Diagram and 
Connection Diagram 





DS100854-1 


Tuyst ® 5°C 










Tyyst # 5°C 


OUT2 


OUT 1 . | j 


DS100854-2 
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m Electronic System Protection 


Features 

Digital outputs support TTL logic levels 

Internal temperature sensor 

2 internal comparators with hysteresis 

Internal voltage reference 

Currently available in 8-pin SO plastic package 


Key Specifications 


m Power Supply Voltage 

m Power Supply Current 

M@ Veer 

m Hysteresis Temperature 

gm Internal Temperature Sensor 
Output Voitage (+6.20 mV/°C x T) +400 mV 


2.7V to 10V 

250 yA (max) 
1.250V +1.4% (max) 
5°C 


m™ Temperature Trip Point Accuracy +3°C (max) 
m T1 set point +73°C 
m@ T2 set point +82°C 


Ordering Information 
TABLE 1. | 
Order Number LM66CIM- LM66CIMX- 
RLSKB RLSKB | 
NS Tackage MO08A MO8A 
Number 
| Transport Media Bulk Rail 2500 Units Tape 


& Reel 
Typical Application © 














DS100854-3 
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LM70 


National Semiconductor 


SPI/MICROWIRE 10-Bit Plus Sign Digital Temperature 


Sensor 
General Description 
The LM70 is a_ temperature sensor, Delta-Sigma 


analog-to-digital converter with an SPI and MICROWIRE 
compatible interface available in LLP and MSOP 8-pin pack- 
ages. The host can query the LM70 at any time to read tem- 
perature. A shutdown mode decreases power consumption 
to less than 10 pA. This mode is useful in systems where low 
average power consumption is critical. 

The LM70 has 10-bit plus sign temperature resolution 
(0.25°C per LSB) while operating over a temperature range 
of -55°C to +150°C. 

The LM70’s 2.65V to 5.5V supply voltage range, low supply 
current and simple SPI interface make it ideal for a wide 
range of applications. These include thermal management 
and protection applications in hard disk drives, printers, elec- 
tronic test equipment, and office electronics. 


Applications 

mw System Thermal Management 
m Personal Computers 

m Disk Drives 

m= Office Electronics 


Simplified Block Diagram 


m Electronic Test Equipment 


Features 


m 0.25°C temperature resolution. 

m Shutdown mode conserves power between temperature 
reading 

m= SPI and MICROWIRE Bus interface 

m MSOP-8 and LLP-8 packages save space 


Key Specifications 


m Supply Voltage 2.65V to 5.5V 


@ Supply Current operating 260A (typ) 
490UA (max) 

shutdown 12uA (typ) 

m@ Temperature -—40°C to 85°C +2°C(max) 


Accuracy -—10°C to 65°C 
-55°C to 125°C 


-55°C to 150°C 


+1.5/-2°C(max) 
+3/-—2°C(max) 
+3.5/-2°C(max) 


2.65V - 5.5V 


Temperature 
Sensor 
Circuitry 










Control 
Logic 
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11-Bit 


A- 
A/D Converter 
Temperature Manufacturers 
Register ID Register 


Three-Wire 
Serial Interface 









x 


DS101223-1 
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OZINT 


LM70 


Connection Diagrams 


MSOP-8 
S/O NC 
SC CS 
NC NC 
GND vr 





DS101223-2 


TOP VIEW 
NS Package Number MUA08A 


Ordering Information 







LM70CILDX-3 
LM70CILD-5 








LM70CIMM-3 


Pin Descriptions 
LLP-8 


Label SOP-8 
Pin # Pin # 





MSOP-8, MUA08A 


Input/Output - Serial bus bi-directional data 
line. Schmitt trigger input. 


Package NS Package : 
N T 
Order Number Marking Number Supply Voltage ransport Media 


jewrocis | _T33 | 11P-6,LDAGGA | 265ViS6V |_UnisinRal 
[138 [LLP LDADBA [2.6510 36V | UnitsinRal 
[Tas [ttP-8, LoAO@A [4510 55V | Units in Tape and Reel 
jewrocuox-s | 185 | LLP-6, LDAGGA | 48Vt0.55V_| Unis in Tape and Reel | 
toc | 


2.65V to 3.6V | 250 Units in Rail 
2.65V to 3.6V_ | 3500 Units in Tape and Reel 


LLP-8 
SVO “CS 
NC - GND 
SC NC 
NC vr 





DS101223-25 


TOP VIEW . 
NS Package Number LDAO8A 













Typical Connection 


From and to Controller 





SC Clock - Serial bus clock Schmitt trigger input From Controller 
line. 


GND Power Supply Ground Ground 


vr 5 5 Positive Supply Voltage Input DC Voltage from 2.65V to 5.5V. Bypass 
with a 0.1 uF ceramic capacitor. 


cs a a a ae Chip Select input. 
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From Controller 


These pins are not connected to the 
LM70 die in any way. 


Typical Application 


OZW' 


+3.3V 


0.1 pF 


National 
COP8SA 
Micro- 
Controller 





DS101223-3 


FIGURE 1. COP Microcontroller Interface 
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LM74 


AY national Semiconductor 


-LM74 


SPI/MICROWIRE™ 12-Bit Plus Sign Temperature Sensor 


General Description 


The LM74 is a_ temperature sensor, Delta-Sigma 
analog-to-digital converter with an SPI and MICROWIRE 
compatible interface. The host can query the LM74 at any 
time to read temperature. A shutdown mode decreases 
power consumption to less than 10 yA. This mode is useful 
in systems where low average power consumption is critical. 


The LM74 has 12-bit plus sign temperature resolution 
(0.0625°C per LSB) while operating over a temperature 
range of -55°C to +150°C. 


The LM74’s 3.0V to 5.5V supply voitage range, low supply 
current and simple SPI interface make it ideal for a wide 
range of applications. These include thermal management 
and protection applications in hard disk drives, printers, elec- 
tronic test equipment, and office electronics. The LM74 is 

| available in the SO-8 package as well as an 5-Bump micro 
SMD package. 


m= Office Electronics 


m Electronic Test Equipment 


Features 


m 0.0625°C temperature resolution. 


m= Shutdown mode conse 
~ reading . 


= SPI and MICROWIRE Bus interface 


= 5-Bump micro SMD package saves space 


Key Specifications 


m@ Supply Voltage 


m Supply Current 


Applications m Temperature 
m System Thermal Management Accuracy 
m Personal Computers 
m Disk Drives 
Simplified Block Diagram 
2.65V or 3.0V 


to 5.5V 






Temperature 
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13-Bit 


Sensor A-x 
Circuitry > A/D Converter 


Control Temperature | Manufacturers 
Logic Register ID Register 


Three-Wire 
Serial Interface 
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operating 


shutdown 
-10°C to 65°C 
-25°C to 110°C 
—55°C to 125°C 


DS100909-1 


rves power between temperature 


3.0V or 2.65V 
to 5.5V 


265pA (typ) 
520uA (max) 
SHA (typ) 
+1.25°C(max) 
+2.1°C(max) 
+3°C(max) 


Connection Diagram 


DLW) 





SO-8 5-Bump micro SMD 

SI/O - GND 4 
SC 

NC SC 5 
GND 

NS100909-2 SV/O 1 

TOP VIEW 
NS Package Number M08A DS100909-24 


Note: 


- Pin numbers are referenced to the package marking text orientation. 
Pin 1 is designated by the square. 


- Reference JEDEC Registration MO-211, variation BC 


- The top 4 characters designate the date code. The bottom 3 characters 
designate the device type (see ordering information). 


TOP VIEW 
NS Package Number BPDO5MPB 















Ordering Information 
NS Package 


senibay Transport Media q 
LM74CIM-3 SO-8, MO8A 3.0V to 3.6V 
LM7ACIMX3 50-8, MOEA 
LM74CIM-5 SO-8, MO8A 95 Units in Rail | 
LM74CIMX-5 | LM74CIM-5 | SO-8, MO8A 2500 Units in Tape and Reel 


LM74CIBP-3 micro SMD, 250 Units in Tape and Reel 
BPDOSMPB 
BPDOSMPB 


Order Number 





Supply Voltage | 













LM74CIBP-5 micro SMD, 4.5V to 5.5V 250 Units in Tape and Reel 
BPDO5MPB 

micro SMD, 4.5V to 5.5V 3000 Units in Tape and Reel 

BPDO5MPB 


LM74CIBPX-5 
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LM74 


Pin Descriptions 


Label 


SI/O 
SC 


NC 
GND 
NC 
NC 
cs 
Ve 


ae ~~ 





line. Shmitt trigger input. 
2 Slave Clock - Serial bus clock Shmitt trigger input From Controller 
line. : 
3 |_| NoGonnecion————=—S—S~S~SCS—~* Neco 
Power Supply Ground Ground 
No Connection No Connection 
3 Chip Select input. From Controller 


Positive Supply Voltage Input DC Voltage from 3.0V to 5.5V for the 
LM74CIM and 2.65V to 5.5V for the 
LM74CIBP. Bypass with a 0.1 uF ceramic 
capacitor. 





Typical Application 


0.1 uF 


National 
COP8SA 
Micro- 
Controller 





DS100909-3 


FIGURE 1. COP Microcontroller Interface 
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SZINT 


National Semiconductor 





LM75 
Digital Temperature Sensor and Thermal watchdog with 
Two-Wire Interface 


General Description Features 


The LM75 is a_ temperature sensor, Delta-Sigma ™ SOP-8 and Mini SOP-8 (MSOP) packages save space 
analog-to-digital converter, and digital over-temperature de- ™ |?C Bus interface 

tector with I?C® interface. The host can query the LM75 at = Separate open-drain output pin operates as interrupt or 
any time to read temperature. The open-drain Overtempera- comparator/thermostat output 


ture Shutdown (O.S.) output becomes active when the tem- sg Register readback capability 

perature exceeds a programmable limit. This pincan operate Power up defaults permit stand-alone operation as 
in either “Comparator” or “Interrupt” mode. thermostat 

The host can program both the temperature alarm threshold = = Shutdown mode to minimize power consumption 
(Tog) and the temperature at which the alarm condition goes Up to 8 LM75s can be connected to a single bus 


away (Tyysr). In addition, the host can read back the con- 
tents of the LM75’s Tog and Tyys7 registers. Three pins (AO, =¢: . 
A1, A2) are available for address selection. The sensor pow- Key Specifications 

ers up in Comparator mode with default thresholds of 80°C m Supply Volt Vt BVI 
Tog and 75°C Tyyer. upply Voltage 3.0V to 5. 


The LM75’s 3.0V to 5.5V supply voltage range, low supply my ouppycurent opetaiing: . 200;07 ANP} 

current and IC interface make it ideal for a wide range of ap- 1 mA (max) 

plications. These include thermal management and protec- shutdown 4 UA (typ) 

tion applications in personal computers, electronic test m Temperature 25°C to 100°C +2°C(max) 

equipment, and office electronics. Accuracy 55°C to 125°C +3°C(max) 
Applications 


m System Thermal Management 
m Personal Computers 

m™ Office Electronics 

m Electronic Test Equipment 





Simplified Block Diagram 


g | tV, 3.0V-5.5V 


Temperature 


10-Bit 
Digital 
Decimation 
Filter 


Threshold 0.S. 


9-Bit Delta-Sigma Analog-to-Digital Tos Set Point fo ae 
Converter Register omparator 


Reset 


Silicon 

Bandgap Configuration 
Temperature Register 

Sensor 


Pointer 
Register 


SDA 
SCL 





DS012658-1 
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LM75 


Connection Diagram 


SOP-8 and Mini SOP-8 





DS012658-2 © 


Ordering Information | | 


iM75CIMM-3 
LM75CIMMX-3 
LM7SCINXS 
* | V ) j j 
V 















5 
LM75CIMM-5 | TOOC _MUAO8A (MSOP-8) 250 Units in Rail 
LM75CIMMX-5 | TOOC MUAO8A (MSOP-8) 3500 Units on Tape and Reel 


Pin Description 


po Fumection Typical Connection 


Label | Pin | 
SDA From Controller, tied to a pull-up 
SOL From Controller 
OS. Pull Up Resistor, Controller Interrupt Line 
GND Ground 
+Vs | 8 | Positive Supply Voltage Input DC Voltage from 3V to 5.5V 
AO-A2_ | 7,6,5 | User-Set I2C Address Inputs Ground (Low, “0”) or +Vg (High, “1”) 


#V, 3V to 5.5V 


Typical Bypass 0.1 ywF 
| (Unless mounted close 
" to processor) 


0 

Address (Set as 
desired) 

A2 





To Processor 
0.S. Out Interrupt Line 


SDA 
Interface SCL 


0.S. Set for active low for 
— wire OR'd multiple 
interrupt line. 
DS012658-3 


FIGURE 1. Typical Application 
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National Semiconductor 





LM76 
+0.5°C, +1°C, 12-Bit + Sign Digital Temperature Sensor 
and Thermal Window Comparator with Two-Wire 


Interface 

General Description Features 

The LM76 is a digital temperature sensor and thermal win- | ™ Window comparison simplifies design of ACPI 

dow comparator with an I?C™ Serial Bus interface with an compatible temperature monitoring and control. 
accuracy of +1°C. This accuracy for the LM76CHM is speci- m Serial Bus interface 

fied for a -10°C to 45°C temperature range, while for the m Separate open-drain outputs for Interrupt and Critical 


LM76CNM the temperature range is 70°C to 100°C. The Temperature shutdown 

LM76CHM is specified with an accuracy £0.5°C at 25°C. The Shutdown mode to minimize power consumption 
window-comparator architecture of the LM76 eases the de- Up to 4 LM76s can be connected to a single bus 
sign of temperature control systems conforming to the ACPI ' ; 
(Advanced Configuration and Power Interface) specification m Tei Sion Culp UG Scale TeaUlnig OF Over Tar 
for personal computers. The open-drain Interrupt (INT) out- ngs “ 
put becomes active whenever temperature goes outside a Key Specifications 
programmable window, while a separate Critical Tempera- 


ture Alarm (T_CRIT_A) output becomes active when the mSSUpD wenede Soyer a0y 
temperature exceeds a programmable critical limit. The INT | ™ Supply Current operating 250 WA (typ) 
output can operate in either a comparator or event mode, 450 yA (max) 
i the T_CRIT_A output operates in comparator mode ahutdown 8 UA (max) 
. ° + ; ° 
The host can program both the upper and lower limits of the 7 iets 10°C t ibaa 7 pale 
window as well as the critical temperature limit. Program- oy. 7 at. a (max) 
mable hysterisis as well as a fault queue are available to 70°C to 100°C = 1.0°C (max) 
minimize false tripping. Two pins (AO, A1) are available for mw Resolution 0.0625°C 





address selection. The sensor powers up with default thresh- 


olds of 2°C Tyysr, 10°C Trow, 64°C Trigh, and 80°C i i 
ean Applications 
The LM76’s 3.3V and 5.0V supply voltage, Serial Bus inter- 
face, 12-bit + sign output, and full-scale range of over 127°C 
make it ideal for a wide range of applications. These inciude 
thermal management and protection applications in personal ™ HVAC 
computers, electronic test equipment, office electronics and 

bio-medical applications. 


m System Thermal Management 
m Personal Computers 
m Office Electronics 


Simplified Block Diagram 








{2-Bit + Sign 
Temperature~to~ Digital 
Converter 





ni Serial Bus Interface 
and Storage Registers 


DS101015-1 
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LM76 


Connection Diagram 


SDA 
SCL 
T_CRIT_A 
GND 





DS101015-2 


LM76 See NS Package Number MO8A 


Ordering Information 


Temperature 
Order Number Supply Voltage Acurracy Range for Transport Media 
Accuracy 


+0.5°C 25°C 95 units in Rail 
+1.0°C —10°C to 45°C 


~| LM76CHM-5 5, 


OV ; 
LM76CHMX-5 5.0V +0.5°C 25°C 2500 Units on Tape and 
+1.0°C -10°C to 45°C | Reel 


LM76CNM-3 70°C to 100°C | 95 units in Rail 


| LM76CNMX-3 70°C to 100°C | 2500 Units on Tape and 
Reel 


SDA 1 Serial Bi-Directional Data Line, Open Drain Output, Pull Up Resistor, Controller I?C Data Line 
CMOS Logic Level 


SCL Serial Bus Clock Input, CMOS Logic Level From Controller 12C Clock Line 


T_CRIT_A Pull Up Resistor, Controller Interrupt Line 


or System Hardware Shutdown 
GND 


Ground 
INT 5 Interrupt, Open Drain Output Pull Up Resistor, Controller Interrupt Line 


+Vo LG Positive Supply Voltage Input DC Voltage from 3.3V power supply or 
5V. 


A0-Al1 User-Set Address Inputs, TTL Logic Level Ground (Low, “0”) or +Vg (High, “1”) 








#Vo 


Typical Bypass 0.1 wF 
ame (Unless mounted close 
to processor) 


3 T-CRIT_A Out 






Address (Set as AO 


desired) At To Hardware Shutdown 


INT Out 


To Processor 


Interface am 
SCL Interrupt Line 


DS101015-3 


FIGURE 1. Typical Application 
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National Semiconductor 


LM77 


9-Bit + Sign Digital Temperature Sensor and Thermal 
Window Comparator with Two-Wire Interface 


General Description 


The LM77 is a digital temperature sensor and thermal win- 
dow comparator with an I?C™ Serial Bus interface. The 
window-comparator architecture of the LM77 eases the de- 
sign of temperature control systems conforming to the ACPI 
(Advanced Configuration and Power Interface) specification 
for personal computers. The open-drain Interrupt (INT) out- 
put becomes active whenever temperature goes outside a 
programmable window, while a separate Critical Tempera- 
ture Alarm (T_CRIT_A) output becomes active when the 
temperature exceeds a programmable critical limit. The INT 
output can operate in either a comparator or event mode, 
while the T_CRIT_A output operates in comparator mode 
only. 

The host can program both the upper and lower limits of the 
window as well as the critical temperature limit. Program- 
mable hysterisis as well as a fault queue are available to 
minimize false tripping. Two pins (AO, A1) are available for 
address selection. The sensor powers up with default thresh- 
olds of 2°C Tyys7, 10°C Tow, 64°C Trigy, and 80°C 
T_CRIT. - 


The LM77’s 3.0V to 5.5V supply voltage range, Serial Bus in- 
terface, 9-bit + sign output, and full-scale range of over 
128°C make it ideal for a wide range of applications. These 
| include thermal management and protection applications in 
personal computers, electronic test equipment, office elec- 
tronics, automotive, and HVAC applications. 


Simplified Block Diagram 












9-Bit + Sign 
Temperature-to-Digital 
Converter 


g | V5 3.0V- 5.5V 


T_CRIT Thigh TLow 


ee Serial Bus Interface 
and Storage Registers 


Features 


™ Window comparison simplifies design. of ACPI 
compatible temperature monitoring and control. 


= Serial Bus interface 


m Separate open-drain outputs for Interrupt and Critical 


Temperature shutdown 


= Shutdown mode to minimize power consumption 
m Up to 4 LM77s can be connected to a single bus 
m@ 9-bit + sign output; full-scale reading of over 128°C 


Key Specifications 


m Supply Voltage 
m Supply Current operating 
shutdown 
-10°C to 65°C 
-25°C to 100°C 
-55°C to 125°C 


m@ Temperature 
m Accuracy 


Applications 

m System Thermal Management 
m Personal Computers 

= Office Electronics 

m Electronic Test Equipment 

= Automotive 

& HVAC 
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3.0V to 5.5V 
250 HA (typ) 
500 pA (max) 
5 pA (typ) 
+1.5°C(max) 
+2°C(max) 
+3°C(max) 


www.national.com 


ZL 1 





LM77 


Connection Diagram 


SDA 
SCL 
T_CRIT_A 
GND 
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LM77 See NS Package Number M08A 


Ordering Information 






iwmoms || 
roms fv 
fem77owxs | 8V___| 2500 Units on Tape and Reel 







Pin Description 


- Label 
SDA 

SCL 
T_CRIT_A 


GND 
INT. 
+Vs 
A0—A1 
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Ce ee Cee Typleal Connection 
ae eel Serial Bi-Directional Data Line. Open Drain isto From Controller 
= le Bus Clock Input From Controller 


7 Rie ee Pull Up Resistor, Controller Interrupt Line 
or System Hardware Sruteown | 

ee a = 

| 5 | Interrupt Open Drain Output == ===—_—siY{_—- Pull Up Resistor, Controller micros Line 

[as —|Pestve Supp Votege input “06 Votage rom SV to 5 5V 

[7.8 [ser Set Adress inputs | Grund tow, "07 ors th 


+Vg 3.0V to 5.5V 







Typical Bypass 0.1 wF 
capa (Uniess mounted close 
to processor) 


Address (Set as A0 


3 T-CRIT_A Out 
desired) At 


To Hardware Shutdown 


5 INT Out 


SDA 
SCL 


To Processor 
Interrupt Line 


Interface 


DS100136-3 


FIGURE 1. Typical Application 
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National Semiconductor 


LM80 
Serial Interface ACPI-Compatible Microprocessor System 
Hardware Monitor 


General Description 


The LM80 provides 7 positive voltage inputs, temperature 
measurement, fan speed measurement, and hardware 
monitoring on an I?C™ interface. The LM80 performs 
WATCHDOG comparisons of all measured values and an 
open-drain interrupt output becomes active when any values 
exceed programmed limits. A Chassis Intrusion input is pro- 
vided to monitor and reset an external circuit designed to 
latch a chassis intrusion event. 

The LM80 is especially suited to interface to both linear and 
digital temperature sensors. The 10 mV LSB and 2.56 volt 
input range is ideal for accepting inputs from a linear sensor 
such as the LM50. The BTI is used as an input from either 
digital or thermostat sensors such as LM75 and LM56. 

The LM80’s 2.8V to 5.75V supply voltage range, low supply 
current, and |?C interface make it ideal for a wide range of 
applications. These include hardware monitoring and protec- 
tion applications in personal computers, electronic test 
equipment, and office electronics. 


Features 


m Temperature sensing 

m™ 7 positive voltage inputs 

m 2 programmable fan speed monitoring inputs 

® 10 mV LSB and 2.56V input range accepts outputs from 
linear temperature sensors such as the LM50 

m# Chassis Intrusion Detector input 


Typical Application 








Positive 
Voltage 


Analog 
Inputs 
Negative 

Voltage 






LM75 
Temperature 
Sensor 






Chassis 
Intrusion 
Detector 


Inputs 


SDA 


Serial Bus 


ree el 


A2 


# Indicates Active Low (“Not”) 
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Interface and Contro} 





@ WATCHDOG comparison of all monitored values 

m Separate input to show status in Interrupt Status 
Register of additional external temperature sensors such 
as the LM56 or LM75 

m |°C Serial Bus interface compatibility 

@ Shutdown mode to minimize power consumption 

= Programmable RST_OUT/OS pin: RST_OUT provides a 
Reset output; OS provides an Interrupt Output activated 
by an Overtemperature Shutdown event 


Key Specifications 


w Voltage monitoring Error 
m@ Temperature Error 


+1% (max) 


-25°C to +125°C + 3°C (max) 

m Supply Voltage Range 2.8V to 
5.75V 

m Supply Current Operating: 0.2 mA typ 
Shutdown: 15 pA typ 

m ADC Resolution 8 Bits 
m Temperature Resolution 0.5°C 


Applications 

m System Thermal and Hardware Monitoring for Servers 
and PCs 

m Office Electronics 

m Electronic Test Equipment and Instrumentation 


INT# interrupt 
RST#/OS# Outputs 






Interrupt 
Masking 






Registers 
an 
WATCHDOG 
Comparators 


and 
Interrupt 
Control 

















General Purpose Output 
(Power Switch Bypass#) 
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LM80 


Ordering Information 


Temperature Range 















NS 

























LM80CIMT-5' | 


Note: '-Rail transport media, 62 parts per rail 
2-Tape and reel transport media, 3400 parts per reel 


Block Diagram 


Connection Diagram 


INT# 
GPO# 
NTEST_IN# /Reset_IN# 





Fan 2 


t 


Upper Limi 


INT_IN# 1 A2 

-25°C < T, < +125°C Package | specified sinaale " 
umber Power SCL —>] 3 AO/NTEST_OUT 

Order Number Device Supply FANT —=>t 4 INO 

eS Marking Voltage |» FANZ OS INt 

. BIl# 6 IN2 

LM80CIMT-3' Cle 7 INS 

yt 9 INS 


IN6 
GNDA 
RST_OUT#/0S# 


DS100040-2 


Value RAM watchdog 
INO 
8-Bit A/D sro) feta 
and MUX int 
. 2a etal Se 
Inputs 0-2.56V Input IN2 
| foc 
Lower Limit 
IN4 een 
PS ea 
INS INT# Interrupt 
ee i Cas RST_OUT#/ f Outputs 
Interrupt = 
lTemperature Sensor oe Status 
Temperature Registers 
(Addr = 27h) 
e Hot 
Fan 1 tree 
Pulse 


Logic Inputs 


FAN2 


(Addr = 29h) 


{ 





NTEST_IN#/ 
Reset_IN# { Digital 
GPO# Outputs 
ae, Serial Bus Interface 
Serial Bus 
Interface 
DS100040-3 


Pin Descriptions 


Pin 
Name(s) 


Number ee 
of Pins yP 


Description 


This is an active low input that propagates the INT_IN signal to the 
INT output of the LM80 via Interrupt Mask Register 1 Bit 7 and INT 
enable Bit 1 of the Configuration Register. 


INT_IN 


“— 


SDA Digital 1/O Serial Bus bidirectional Data. Open-drain output. 
SCL Digital Input | Serial Bus Clock. 
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Pin Descriptions (Continued) 


Pin 
Name(s) 
FAN1-FAN2 
BTl 


Cl (Chassis 
Intrusion) 


GND 
V* (+2.8V to 
+5.75V) 


INT 


GPO (Power 
Switch Bypass) 


NTEST_IN/ 
RESET_IN 


RST_OUT/OS 


GNDA 


IN6-INO 


Number 
of Pins 
4-5 2 


|: 


1 
1 


1 


o) 


1 


1 


— 
ie) 


1 


—_h _ oh, 
wo pon 8 
z= 


15-21 Analog Inputs | OV to 2.56V full scale range Analog Inputs. 


Digital Inputs 0 to V* fan tachometer inputs. 


Digital Input 


Digital /O 





GROUND 


POWER 


Digital Output 


Digital Output 


Digital Input 





Digital Output 


GROUND 





AO/NTEST_OUT Digital /O 


Ai-A2 
TOTAL PINS 


Description 


Board Temperature Interrupt driven by O.S. outputs of additional 
temperature sensors such as LM75. Provides internal pull-up of 


10 kQ. 


An active high input from an external circuit which latches a Chassis 
Intrusion event. This line can go high without any clamping action 
regardless of the powered state of the LM80. The LM80 provides an 
internal open drain on this line, controlled by Bit 5 of the 
Configuration Register, to provide a minimum 10 ms reset of this 


line. 


Internally connected to all of the digital circuitry. 


+3.3V or +5V V* power. Bypass with the parallel combination of 
10 uF (electrolytic or tantalum) and 0.1 uF (ceramic) bypass 


capacitors. 


Non-Maskable Interrupt (open source)/Interrupt Request (open 
drain). The mode is selected with Bit 5 of the Configuration Register 
and the output is enabled when Bit 1 of the Configuration Register 
is set to 1. The default state is disabled. 


An active low open drain output intended to drive an external 


P-channel power MOSFET for software power control. 


An active-low input that enables NAND Tree board-level connectivity 
testing. Refer to Section 10.0 on NAND Tree testing. Whenever 
NAND Tree connectivity is enabled the LM80 is also reset to its 


power on state. 


Master Reset, 5 mA driver (open drain), active low output with a 

10 ms minimum pulse width. Available when enabled via Bit 4 in 
Configuration Register and Bit 7 of the Fan Divisor/RST_OUT/OS 
Register. Bit 6 of the Fan Divisor/RST_OUT/OS Register enables 
this output as an active low Overtemperature Shutdown (OS). 
Internally connected to all analog circuitry. The ground reference for 


all analog inputs. This pin needs to be taken to a low noise analog 
ground plane for optimum performance. 


The lowest order bit of the Serial Bus Address. This pin functions as 


an output when doing a NAND Tree test. 


23-24 eee il Digital Inputs The two highest order bits of the Serial Bus Address. 
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LM81 


| AY national Semiconductor 


LM81 


Serial Interface ACPI-Compatible Microprocessor System 


Hardware Monitor 


General Description 


The LM81 is a highly integrated data acquisition system for — 


hardware monitoring of servers, Personal Computers, or vir- 
tually any microprocessor-based system. In a PC, the LM81 
can be used to monitor power supply voltages, tempera- 
tures, and fan speeds. Actual values for these inputs can be 
read at any time. Programmable WATCHDOG limits in the 
LM81 activate a fully programmable and maskable interrupt 
system with two outputs (INT and T_CRIT_). 


The LM81 has an on-chip digital output temperature sensor 
with 9-bit or 12-bit resolution, a 6 analog input ADC with 8-bit 


resolution and an 8-bit DAC. Two fan tachometer outputs 


can be measured with the LM81’s FAN1 and FAN2 inputs. 
The DAC, with a 0 to 1.25V output voltage range, can be 
used for fan speed control. Additional inputs are provided for 
Chassis Intrusion detection circuits, and VID monitor inputs. 


The LM81 has a Serial Bus interface that is compatible with 
SMBus™, | : 


Features 
m Temperature sensing 
= 6 positive voltage inputs with scaling resistors to monitor 
+5V, +12V, +3.3V, +2.5V, Vecp power supplies directly 
| m 8-bit DAC output for controlling fan speed 
m 2 fan speed monitoring inputs | 


Typical Application 


8-bit 
+5Vin Ax 
ADC 


Analog 
Inputs 


Negative 
Voltage 
9-bit or 
42-bit 
















Chassis 
Intrusion 
Detector 


Inputs 


SMBData 
Serial Bus SMBCLK 
AO/NTEST_OUT 


Interface 
Ai 


# Indicates Active Low (“Not”) 
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AZ ADC 


Temperature 
Sensor 


FanSpeed 
— 4 


Interface and Contro} 






Chassis Intrusion detector input 

WATCHDOG comparison of all monitored values 
SMBus 1.0 (LM81C) and 1.1 (LM81B) Serial Bus 
interface compatibility 

LM81B has improved voltage monitoring accuracy 
VIDO-VID4 monitoring inputs 


Key Specifications 


m Voltage Monitoring Error 
m@ Temperature Error 


+2% or 1.2% (max) 


-40°C to +125°C + 3°C (max) 

m Supply Voltage Range 2.8V to 3.8V 
~@ Supply Current: 0.4 mA (typ) 
m ADC and DAC Resolution 8 Bits 
m Temperature Resolution 0.5°C 


Applications 

= System Thermal and Hardware Monitoring for Servers 
and PCs 

m= Office Electronics 

m Electronic Test Equipment and Instrumentation 








DACOut/NTEST_IN 























Limit 
Registers 


Interrupt 
Masking 
and 
Interrupt 
Control 















and 
WATCHDOG 
Comparators 





ViDO 
viD1 
viD2 
VID3 
VID4 
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Ordering Information 






































Temperature Range NS Package 
-40°C < Ty < +125°C Number SMBus Voltage 
Revision Monitorin 
Order Number Device Marking level erce 9 


Note: '-Rail transport media, 62 parts per rail 
2.Tape and ree! transport media, 3400 parts per reel 


Connection Diagram 


AO/NTEST_OUT VIDO 
Al VID1 
SMBData VID2 
SMBCLK VID3 
FAN1 VID4 
FAN2 oe Vecp1 
Cl +2.5Vin 
T_CRIT_A +3.3Vin 
vt +5.0Vin 
INT +12Vin 
DACOut/NTEST_IN Vecp2 
RESET GND 
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LM81 


Block Diagram 


Value 


Analog Out 
(Addr=19h) 





DACOut/NTEST_IN 


Watchdog 


Negative Teper ui 
Upper Limit 
Voltage 8-bit A/D 
Voop2 Pen Bid Kasia ffs i 
OV - 3.6V Vecp1 Upper | Upper Limit _| 
Vecp1 Range (Addr=21h) | pee Lower Limit a 
Analog +2.5V 
Inputs +2.5Vin (Addr=20h) ree a 
fe +3,.3V Upper | Upper Limit | 
+3.3Vin Resistor x (padimz2n) i 
Dividers +5V Interrupt INT 
Interrupt rrup! Interrupt 
+8Vin (Addr=23h) | Lower Limit_| Masking me Output 
Status T CRITA utputs 
+12V Registers Side os = 
+12Vin i] | (Addr=24h) = Limit ts 
Temperature Temperature | Oyertainp'| 
Sensor (Addr=27h) — ie 
Fan Tach Fan | Counter (Addr = 28h) id 
ulse ca 2 | Upper Limit _| per Limit 
Logic Inputs FAN2 - i sa ee eed Counter 7 ca == ; ‘ 
VIDO 
Digital ieee Interf: id Control 
igita interface and Contro! 
Inputs ViID2 RESET ( Digital 
ViD3 vO 
VID4 
4 
s s A A 
MoM Oo 1 
B B / 
DB ¢ 
a L 
t K 
a E 
s 
—_—~ T 
Serial Bus ra) 
Interface 
U 
al; 
—Y™ 
Serial Bus 
Address 
Lines 
DS100072-2 


Pin Description 


Pin Number Tvpe 
Name(s) of Pins yP 

AO/NTEST_OUT Pa Digital 1/0 
au C2 [1 _| Bitar input 
SMBData ee a ee Digital 1/O 
SMBCLK | 4 | 14 _| Digital Input 
FAN1-FAN2 | 5-6 | 2 _| Digital Inputs 
| S| - 
T_CRIT_A ks Digital Output 
V* (+2.8V to POWER 
+3.8V) 
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Description 


The lowest order programmable bit of the serial bus address. This 
pin functions as an output during NAND Tree tests (board-level 
connectivity testing). Refer to SECTION 11 on NAND Tree testing. 
The highest order programmable bit of the serial bus address. 
Serial Bus bidirectional Data. Open-drain output. 

Serial Bus Clock. 

Schmitt Trigger fan tachometer inputs. 

An active high input from an external circuit which latches a 
Chassis Intrusion event. This line can go high without any 
clamping action regardless of the powered state of the LM81. 
There is also an internal open-drain output on this line, controlled 
by Bit 6 of the Configuration Register (40h) or Bit 7 Cl Clear 
Register (46h), to provide a minimum 20 ms reset pulse. See 
Section 3.3 and Section 9.0. 

Critical Temperature Alarm active low open-drain output. This pin 
can be grounded when not used. 

+3.3V V* power. Bypass with the parallel combination of 10 uF 
(electrolytic or tantalum) and 0.1 uF (ceramic) bypass capacitors. 
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Pin Description (Continued) 


LSIN'1 















Name(s) of Pins 

INT 10 1 Digital Output | Interrupt active low open-drain output. This output is enabled when 
Bit 1 in the Configuration Register is set to 1. The default state is 
disabled. 

DACOut/NTEST_IN 11 1 Analog OV to +1.25V amplitude 8-bit DAC output. When forced high by an 

Output/Digital | external voltage the NAND Tree Test mode is enabled which 
Input provides board-level connectivity testing. Refer to Section 11.0 on 
NAND Tree testing. 

RESET 12 1 Digital 1/O Master Reset, 5 mA driver (open-drain), active low output with a 
20 ms minimum pulse width. Available when enabled via Bit 4 in 
the Configuration register. It acts as an active low power on 
RESET input. 

GND 13 1 GROUND Internally connected to all circuitry. The ground reference for all 
analog inputs and the DAC output. This pin needs to be 
connected to a low noise analog ground plane for optimum 
performance of the DAC output. 

Vecp2 14 1 Analog Input Analog input for monitoring -12V or Vecp2. Selectable by 
choosing the appropriate external resistor divider values such that 
the input to the LM81 is scaled to +2.5V. See Section 4.0. 

+12Vin | 8615 | 4 { Analog Input —_| Analog input for monitoring +12V. 

+5Vin Analog input for monitoring +5V. 

+3.3Vin Analog input for monitoring +3.3V. 

+2.5Vin Analog input for monitoring +2.5V. 

Vecpt 19 1 Analog Input Analog input for monitoring Vccp, a processor voltage that is 
nominally at +2.5V. 

ViID4-VIDO 20-24 Digital Inputs Supply Voltage readouts from the Pentium/PRO power supplies 
that indicate the operating voltage or the processor (e.g. 1.5V to 
2.9V). The values are read in the VID/Fan Divisor Register and 
the VID4 Register. 

roracpns | | = |_| 
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LM82 





LMs2 


National Semiconductor 


Remote Diode and Local Digital en Sensor 


with Two-Wire Interface 


General Description 


The LM82 is a digital temperature sensor with a 2 wire serial 
interface that senses the voltage and thus the temperature of 
a remote diode using a Delta-Sigma analog-to-digital con- 
verter with a digital over-temperature detector. The LM82 ac- 
curately senses its own temperature as well as the tempera- 
ture of external devices, such as Pentium II® Processors or 
diode connected 2N3904s. The temperature of any ASIC 
can be detected using the LM82 as long as a dedicated di- 
ode (semiconductor junction) is available on the die. Using 
the SMBus interface a host can access the LM82’s registers 
at any time. Activation of a T_CRIT_A output occurs when 


any temperature is greater than a programmable comparator’ 


limit, T_CRIT. Activation of an INT output occurs when any 
temperature is greater than its corresponding programmable 
comparator HIGH limit. 


The host can program as well as read back the state of the — 


T_CRIT register and the 2 T_HIGH registers. Three state 


logic inputs allow two pins (ADDO, ADD1) to select up to9 


SMBus address locations for the LM82. The sensor powers 
up with default thresholds of 127°C for T_CRIT and all 
T_HIGHs. The LM82 is pin for pin and register compatible 
with the LM84, Maxim MAX1617 and Analog Devices 
ADM1021. | 


Features 


m Accurately senses die temperature of remote ICs, or 
diode junctions 


Simplified Block Diagram 


= On-board local temperature sensing 

m= SMBus and I?C compatible interface, supports 
SMBus 1.1 TIMEOUT 

m Two interrupt outputs: INT and T_CRIT_A 

m Register readback capability _ 

m 7 bit plus sign temperature data format, 1 °C resolution 

m 2 address select pins allow connection of 9 LM82s ona 
single bus 


Key Specifications 


m@ Supply Voltage 3.0V to 3.6V 
m@ Supply Current 0.8mA (max) 
m Local Temp Accuracy (includes quantization error) 
0°C to +85°C +3.0°C (max) 
m Remote Diode Temp Accuracy (includes quantization 
error) 
+25°C to +100°C 
0°C to +125°C 


+3°C (max) 
+4°C (max) 


Applications 

=m System Thermai Management 
= Computers 

m Electronic Test Equipment 

m Office Electronics 

m@ HVAC 


3.0V - 3.6V 


























Temperature T CRIT A 
Sensor = = 
Circuitry 
Ed 
D+ eal eats 
emote 
Apa Bed Bo INT 
Selector 
Control [peel ta ee HIGH eee pa let 
: ‘emperature imit Limit and Status 
regis Registers Register Registers Register Registers 
ADDO Two-Wire Serial | SMBData 
ADD1 SMBCLK 
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Connection Diagram Ordering Information 
QSOP-16 Order ben Transport 
Package : 
Number Media 
Number 
NC T_CRIT_A “mgocivoa | MQAt6A [95 Units in 
Vcc NC (QSOP-16) Rail 
2500 Units on 
D+ SMBCLK LMB2CIMQAX | Se Tape and 
D- NC Reel 
NC SMBData 
ADD1 INT 
GND ADDO 
GND NC 
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TOP VIEW 


Typical Application 








SMBData 










Pentium, 
GXM, 
MPC Il 






SMBCLK 






T CRIT A 














Ambient 
System 
Temp 








Hardware 
System-Shutdown 
Circuitry 





*Note: 2.2nF Capacitors must be placed as close as possilbe to D+ and D- pins of the LM82. 
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LM82 


Pin Description 





; floating, unconnected Left floating. PC board traces may be routed 

NC 1,5 | through the pads for these pins. No restrictions 
ae: : — applied. 
| Positive Supply Voltage DC Voltage from 3.0 V to 3.6 V 
Voc 2 
Input 

| Diode Current Source To Diode Anode. Connected to remote discrete 

D+ 3 diode junction or to the diode junction on a remote 


IC whose die temperature is being sensed. When 
not used they should be left floating. 


D es Diode Return Current To Diode Cathode. Must float when not used. 
7 Sink 


User-Set SMBus (I7C) Ground (Low, “0”), Voc (High, “1”) or open 
ROP et Address Inputs (‘TRI-LEVEL”) 7 


GND 7,8 Power Supply Ground Ground 


Manufacturing test pins. Left floating. PC board traces may be routed 
through the pads for these pins, although the 
components that drive these traces should share 
the same supply as the LM82 so that the Absolute 
Maximum Rating, Voltage at Any Pin, is not 
violated. | : 








NC 9, 13, 15 





INT Pull Up Resistor, Controller Interrupt.or Alert Line 
open-drain 
SMBus (I7C) Serial From and to Controller, Pull-Up Resistor 
SMBData 12 Bi-Directional Data Line, 
open-drain output 
SMBCLK From Controller, Pull-Up Resistor 
= Le ee Pull Up Resistor, Controller Interrupt Line or 
T_CRIT_A 16 
Alarm, open-drain output System Shutdown 
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National Semiconductor 


LM83 


esiN1 


Triple-Diode Input and Local Digital Temperature Sensor 


with Two-Wire Interface 


General Description 


The LM83 is a digital temperature sensor with a 2 wire serial 
interface that senses the voltage and thus the temperature of 
three remote diodes using a Delta-Sigma analog-to-digital 
converter with a digital over-temperature detector. The LM83 
accurately senses its own temperature as well as the tem- 
perature of three external devices, such as Pentium II® Pro- 
cessors or diode connected 2N3904s. The temperature of 
any ASIC can be detected using the LM83 as long as a dedi- 
cated diode (semiconductor junction) is available on the die. 
Using the SMBus interface a host can access the LM83’s 
registers at any time. Activation of a T_CRIT_A output oc- 
curs when any temperature is greater than a programmable 
comparator limit, T_CRIT. Activation of an INT output occurs 
when any temperature is greater than its corresponding pro- 
grammable comparator HIGH limit. 


The host can program as well as read back the state of the 
T_CRIT register and the four T_HIGH registers. Three state 
logic inputs allow two pins (ADDO, ADD1) to select up to 9 
SMBus address locations for the LM83. The sensor powers 
up with default thresholds of 127°C for T_CRIT and all 
T_HIGHs. The LM83 is pin for pin and register compatible 
with the LM84 as well as the Maxim MAX1617 and the Ana- 
log Devices ADM1021. 


Features 


= Accurately senses die temperature of 3 remote ICs, or 


= On-board local temperature sensing 

m SMBus and I7C compatible interface, supports 
SMBus 1.1 TIMEOUT 

= Two interrupt outputs: INT and T_CRIT_A 

m™ Register readback capability 

@ 7 bit plus sign temperature data format, 1 °C resolution 

m 2 address select pins allow connection of 9 LM83s ona 
single bus 


Key Specifications 


m Supply Voltage 3.0V to 3.6V 
@ Supply Current 0.8mA (max) 
m@ Local Temp Accuracy (includes quantization error) 
0°C to +85°C +3.0°C (max) 
m Remote Diode Temp Accuracy (includes quantization 
error) 
+25°C to +100°C 
0°C to +125°C 


+3°C (max) 
+4°C (max) 


Applications 

mw System Thermal Management 
= Computers 

m Electronic Test Equipment 

= Office Electronics 





diode junctions @ HVAC 
Simplified Block Diagram 
3.0V - 3.6V 
Temperature 8-Bit T CRIT A 
Sensor A-S ae a 
Circuitry A/D Converter 
D1+ 
Int / eos 
Det Remote INT 
D3+ Selector 
D- 
Internal/Remote} T_CRIT HIGH 
Temperature Limit Limit ID and Status 
Registers Register Registers Register Registers 
ADDO Two-Wire Serial SMBData 
ADD1 interface SMBCLK 
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LM83 


Connection Diagram 


QSOP-16 
D1+ T_CRIT_A 
Vee Nc 
D2+ SMBCLK 
D- NC 
D3+ SMBData 
ADD1 INT 
GND ADDO 
GND NC 
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TOP VIEW 


Typical Application 


Pentium, 
GXM, 


2.2nF* 


MPC II 





| Battery 





Thermally - 
Coupled 
2N3904 


i 


Thermally 
Coupled 
2N3904 


LCD 


*Note: 2.2nF Capacitors must be placed as close as possilbe to D+ and D- pins of the LM83. 


Pin Description 


s so Diode Current Source 
D1+, D2+, D3+ | 
V 9 Positive Supply Voltage 
hd Input 
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Ordering Information 


hi Transport — 
Package P 


Number mola 


MQA16A 95 Units in 


2500 Units on 
LM83CIMQAX MQAI6A 


Tape and 
(QSOP-16) Reel 


Order 
Number 





SMBData 
~ SMBCLK 


INT 


/T_CRIT_A 


Ambient 
System 
Temp 


Hardware 


System-Shutdown 
Circuitry 
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| Typical Connection 
To Diode Anode. Connected to remote discrete 
diode junction or to the diode junction on a remote 
IC whose die temperature is being sensed. When 
not used they should be left floating. 


DC Voltage from 3.0 V to 3.6 V 


cs 


Pin Description (Continued) 


Diode Return Current To all Diode Junction Cathodes using a star 
D- 4 ; , 
Sink connection to pin. Must float when not used. 


User-Set SMBus (I7C) Ground (Low, “0”), Veo (High, “1”) or open 
ADEA REE! Address Inputs (“TRI-LEVEL”) 
GND Power Supply Ground Ground 


Manufacturing test pins. Left floating. PC board traces may be routed 
through the pads for these pins, although the 
components that drive these traces should share 
the same supply as the LM8S3 so that the Absolute 
Maximum Rating, Voltage at Any Pin, is not 
violated. 


INT Pull Up Resistor, Controller Interrupt or Alert Line 
open-drain 
SMBus (I?C) Serial From and to Controller, Pull-Up Resistor 
SMBData 12 Bi-Directional Data Line, 
open-drain output 


SMBCLK SMBus (I2C) Clock Input From Controller, Pull-Up Resistor 
6 7 


= aos Critical Temperature Pull Up Resistor, Controller Interrupt Line or 
T_CRIT_A 1 
Alarm, open-drain output System Shutdown 


NC 
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LM84 


AY vational Semiconductor 


LMs4 


Diode Input Digital Temperature Sensor with Two-Wire 


Interface 


General Description 


The LM84 is a remote diode temperature sensor, 
Delta-Sigma analog-to-digital converter, and _ digital 
over-temperature detector with an SMBus™ interface. The 
LM84 senses its own temperature as well as the tempera- 
ture of a target IC with a diode junction, such as a Pentium® 
Il processor or a diode connected 2N3904. A diode junction 
(semiconductor junction) is required on the target IC’s die. A 
host can query the LM84 at any time to read the temperature 
of this diode as well as the temperature state of the LM8¢4 it- 
self. A T_CRIT_A interrupt output becomes active when the 
temperature is greater than a programmable comparator 











m Register readback capability 

a 7 bit plus sign temperature data format 

m 2 address select lines enable 9 LM84s to be connected 
to a single bus 


Key Specifications 


m@ Supply Voltage 

m Supply Current 

m Local Temperature Accuracy 

m Remote Diode Temperature Accuracy 


3.0V - 3.6V 
1 mA (max) 
+1.0°C (typ) 


limit, T_CRIT. +60°C to +100°C +3°C (max) 
The host can program as well as read back the state of the OGterl2o°0 oO (Max) 
T_CRIT register. Three state logic inputs allow two pins . 2 
(ADDO, ADD1) to select up to 9 SMBus address locations for Applications 
the LM84. The sensor powers up with default thresholds of = System Thermal Management 
127°C for T_CRIT. = Personal Computers 
m Electronic Test Equipment 
Features a Office Electronics 
m Directly senses die temperature of remote ICs = HVAC 
m Senses temperature of remote diodes 
= SMBus compatible interface, supports SMBus Timeout 
Simplified Block Diagram 
3.0V - 3.6V 
Temperature 8-Bit TC R IT_A# 










A-Z 
A/D Converter 


Sensor 
Circuitry 


f Internal/ 
Remote 
Diode 
Selector 





ADDO 


# Indicates Active Low (’NOT“) 
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Control Local/Remote T_CRIT 
Logic Temperature Limit 
Registers Registers 


Two-Wire Serial 


ee oe 














Manufacturers] Configuration 
ID and Status 
Registers Registers 


SMBData 


——t— SMBCLK 





DS100961-1 
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Connection Diagram 


QSOP-16 


NC 

NC 
SMBCLK 
NC 
SMBData 
T_CRIT_A# 
ADDO 

NC 
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TOP VIEW 
Ordering Information 


N M 
Order mv - Transport incre Noise Filter 
Number 9 Media on SMBCLK 
Number Level 


MQAiI6A 95 Units in 1.1 20MHz 


MQA16A 2500 Units on 1.1 20MHz 
LM84BIMQAX ; (QSOP-16) Tape and 
Reel 
MQA16A 95 Units in 1.0 Not Available | 
fomewon | Saag [ Magee [|e 
MQA16A 2500 Units on 1.0 Not Available 
LM84CIMQAX | (QSOP-16) Tape and 
Reel 


Typical Application 





+3.3V 
e 


ap RS 












Voc 


SMBCLK SMBCLK to SMBus Master 


Processor Diode SMBData 


SMBData to SMBUS Master 
Dedicated to 
Processor Die 


Temperature Sensing 


T_CRIT_A# 


LM84 


T_CRIT_A# to SMBus Controller or 


System Power Shutdown 


System Managemet Bus 


Pentium 
uProcessor 


0.0022 uF Device Address Control 


DS100961-3 
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psn 





LM84 


Pin Descriptions 


Label 


NC 


Veo 


D+ 


D— 


ADDO-ADD1 
GND 
T_CRIT_A 


SMBData 


SMBCLK 


NC 


www.national.com 


Manufacturing test pins. 





> Positive Supply Voltage 
Input 


Diode Current Source 





Diode Return Current 
4 ; 
Sink 


User-Set SMBus (I?C) 
Address Inputs 


| Power Supply Ground | Power Supply Ground Ground 


Critical Temperature 
Alarm, open-drain output 


SMBus (I°C) Serial 


12 Bi-Directional Data Line, 
open-drain output 


Ca SMBus (I°C) Clock Input 
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Typical Connection 


Left floating. PC board traces may be routed 
through the pads for these pins. Although, the 


- components that drive these traces should share 
_ the same supply as the LM84 so that the Absolute 


Maximum Voltage at any Pin rating is not violated. 


DC Voltage from 3.0V to 3.6V 


To Diode Anode. Connected to remote discrete 
diode or to the diode on the external IC whose die 


, temperature is being sensed. 


To Diode Cathode. Must be grounded when not 
used. 

Ground (Low, “0”), Voc (High, “1”) or open 
(“TRI-LEVEL”) 

Ground 


Pull Up Resistor, Controller Interrupt Line or 
System Shutdown 


From and to Controller, Pull Up Resistor 


From Controller 


Left floating. PC board traces may be routed 
through the pads for this pin. 


Z8IN1 


National Semiconductor 


LM87 
Serial Interface System Hardware Monitor with Remote 
Diode Temperature Sensing 


General Description ™ 2 inputs selectable for fan speed or voltage monitoring 


m 8-bit DAC output for controlling fan speed 
The LM87 is a highly integrated data acquisition system for sou g P 


hardware monitoring of servers, Personal Computers, or vir- B Chasse ntiusion nies nPUt 

tually any microprocessor-based system. Ina PC, the M87 % WATCHDOG comparison of all monitored values 
can be used to monitor power supply voltages, motherboard | ™ SMBus or IC Serial Bus interface compatibility 
and processor temperatures, and fan speeds. Actual values = VIDO-VID4 or IRQO-IRQ4 monitoring inputs 

for these inputs can be read at any time. Programmable  m On chip temperature sensor 

WATCHDOG limits in the LM87 activate a fully program- 


mable and maskable interrupt system with two outputs (INT# Key Specifications 


and THERM#). 
The LM87 has an on-chip digital output temperature sensor § ™@ Voltage Monitoring Error +2 % (max) 
with 8-bit resolution as well as the capability of monitoring 2 m External Temperature Error +4 °C (max) 
external diode temperatures to 8-bit resolution, an 8 channel 
: m Internal Temperature Error 

analog input ADC with 8-bit resolution and an 8-bit DAC. A eae ate 

‘ —40 °C to +125 °C + 3 °C (typ) 
channel on the ADC measures the supply voltage applied to 
the LM87, nominally 3.3 V. Two of the ADC inputs canbe re- = Supply Voltage Range 2.8 to 3.8 V 
directed to a counter that can measure the speed of up to 2 m Supply Current 0.7 mA (typ) 
fans. A slow speed XA ADC architecture allows stable mea- m ADC and DAC Resolution 8 Bits 
surement of signals in an extremely noisy environment. The ; 

m Temperature Resolution 1.0 °C 


DAC, with a 0 to 2.5 V output voltage range, can be used for 
fan speed control. Additional inputs are provided for Chassis : . 
Intrusion detection circuits, and VID monitor inputs. The VID Applications 


monitor inputs can also be used as IRQ inputs if VID moni- = System Thermal and Hardware Monitoring for Servers, 
toring is not required. The LM87 has a Serial Bus interface Workstations and PCs 12 
that is compatible with SMBus™ and I?C™. = Networking and Telecom Equipment 
m Office Electronics 
Features m Electronic Test Equipment and Instrumentation 


m Remote diode temperature sensing (2 channels) 

= 8 positive voltage inputs with scaling resistors for 
monitoring +5 V, +12 V, +3.3 V, +2.5 V, Vecp power 
supplies directly 


Ordering Information Connection Diagram 


Temperature Range NS Package 
-40 °C < Ta < +125 °C Number sean 
Order Number _| Device Marking SMBData 
SMBCLK 


setiei il is dicdill MTC24B FAN(/AIN1 
LM87CIMTX? LM87CIMT ~ MTC24B CN ne 


Note: '-Rail transport media, 61 parts per rail GND 
-®.Tape and reel transport media, 2500 parts per reel vt 
INTH/ALERT# 

DACOut/NTEST_IN 

RESET# 


VIDO/ARQO 
VIDIARQ1 
VID2/RQ2 
VID3/ARQ3 
VID4/1IRQ4 
Vccp1 
+2.5Vin/D2+ 
Vecp2/D2- 
+5,0Vin 
+42Vin 
Di+ 

D1- 





DS100995-3 
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LM87 


Block Diagram 


VIDOARQO 
VIDTARQ1 


FAN1/Ain1 
FAN2/Ain2 
Vecp 
+2.5Vin/D2+ 
+5Vin 
+42Vin 
Vecp2/D2- 
D1+ 


Dt1- 


BANDGAP 
TEMPERATURE 
SENSOR 


Pin Description 


Pin 
Name(s) 

ADD/NTEST_OUT 
_ 
SMBData 
SMBCLK 
FAN1/AIN1- 5-6 
FAN2/AIN2 
Cl 7 
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‘VIDO-3 and 
FAN DIVISOR 


REGISTER 


FAN SPEED 
COUNTER 


ADDRESS 
POINTER 
REGISTER 


TEMPERATURE 
CONFIGURATION 
REGISTER 


ATTENUATORS, 
EXTERNAL 
DIODE 


SIGNAL 
CONDITIONING 


and 
ANALOG 8-BIT AZ ADC 
MULTIPLEXER 


2.5V 
BANDGAP 
REFERENCE 





NTEST_OUT/ADD 
SMBCLK 
SMBDATA 


SERIAL BUS 
INTERFACE 


CHANNEL 
MODE 
REGISTER 


VALUE and 
LIMIT 
7 REGISTERS 
LIMIT 
COMPARATORS 
CHASSIS Cl 
INTRUSION 
CLEAR REGISTER 
INTERRUPT 
STATUS OU 
REGISTERS 
- and FAULT QUE 
INT# MASK 
REGISTERS 
= INTERRUPT 
: MASKING * 
CONFIGURATION 
REGISTERS 


ANALOG OUTPUT 
REGISTER and 
8-BIT DAC 


THERM# 


INTH/ALERT# 


RESET# 


DACOut/NTEST_IN 


GND 


Type 


Number . 
of Pins 


Digital 1/0 


1 Digital /O 


Digital 1/O 
Digital Input 
Analog/Digital 
Inputs 

1 Digital 1/O 


1 
2 


4 
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Description 


This pin normally functions as a three-state input that controls the 
two LSBs of the Serial Bus Address. When this pin is tied to Voc 
the two LSBs are 01. When tied to Ground, the two LSBs are 10. 
If this pin is not connected, the two LSBs are 00. This pin also 
functions as an output during NAND Tree tests (board-level 
connectivity testing). To ensure proper NAND tree function, this 
pin should not be tied directly to Vocg or Ground. Instead, a series 
5 kQ resistor should be used to allow the test output function to 
work. Refer to SECTION 11 on NAND Tree testing. 


This pin functions as an open-drain interrupt output for 
temperature interrupts only, or as an interrupt input for fan control. 
It has an on-chip 100 kQ pullup resistor. . 
Serial Bus bidirectional Data. Open-drain output. 

Serial Bus Clock. | 


Programmable as analog inputs (0 to 2.5V) or digital Schmitt 
Trigger fan tachometer inputs. 


An active high input from an external circuit which latches a 
Chassis Intrusion event. This line can go high without any 
clamping action regardless of the powered state of the LM87. 
There is also an internal open-drain output on this line, controlled 
by Bit 7 of the Cl Clear Register (46h), to provide a minimum 20 
ms reset pulse. 
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Pin Description (Continued) 


Z8IN1 


an umber Description 
Name(s) of Pins 
GND 1 GROUND The system ground pin. Internally connected to all circuitry. The 
ground reference for all analog inputs and the DAC output. This 
| pin needs to be connected to a low noise analog ground plane for 
“a optimum performance of the DAC output. 
V* (+2.8 V to 1 POWER +3.3 V V* power. Bypass with the parallel combination of 10 uF 
+3.8 V) ee (electrolytic or tantalum) and 0.1 pF (ceramic) bypass capacitors. 
INT# /ALERT# Digital Output | Interrupt active low open-drain output. This output is enabled when 






Bit 1 in the Configuration Register is set to 1. The default state is 
disabled. It has an on-chip 100 kQ pullup resistor. Alternately used 
as an active low output to signal SMBus Alert Response Protocol. 
Analog 0 V to +2.5 V amplitude 8-bit DAC output. When forced high on 
Output/Digital | power up by an external voltage the NAND Tree Test mode is 


DACOut/NTEST_IN 11 





Input enabled which provides board-level connectivity testing. 

RESET# 1 1 Digital I/O Master Reset, 5 mA driver (open-drain), active low output with a 
45 ms minimum pulse width. Available when enabled via Bit 4 in 
the Configuration register. It also acts as an active low power on 
RESET input. It has an on-chip 100 kQ pullup resistor. 

Di- 13 1 Analog Input Analog input for monitoring the cathode of the first external 
temperature sensing diode. 

Di+ 1 


—_h, — 
— Nh oO 


Analog input for monitoring the anode of the first external 
temperature sensing diode. 

+12Vin Analog input for monitoring +12 V. 

+5Vin | 16 =| = 1] Analog Input Analog input for monitoring +5 V. 


Vecp2/D2- 17 1 Analog Input Digitally programmable analog input for monitoring Vccp2 (0 to 3.6 
V input range) or the cathode of the second external temperature 
sensing diode. 

+2.5Vin/D2+ 18 1 Analog Input Digitally programmable analog input for monitoring +2.5 V or the 
anode of the second external temperature sensing diode. 

Vecp1 19 Analog Input Analog input (0 to 3.6 V input range) for monitoring Vccp1, the 
core voltage of processore 1. 


VID4/IRQ4- 20-24 5 Digital Inputs Digitally programmable dual function digital inputs. Can be 

VIDO/IRQO programmed to monitor the VID pins of the Pentium/PRO and 
Pentium I! processors, that indicate the operating voltage of the 
processor, or as interrupt inputs. The values are read in the 
VID/Fan Divisor Register and the VID4 Register. These inputs 
have on-chip 100 kQ pullup resistors. 

TOTALPNS | «| = | Ss 


# Indicates Active Low (“Not”) 





12-51 www.national.com 


LM92 


National Semiconductor 


LM92 


+0.33°C Accurate, 12- Bit + Sign Temperature Sensor and 
Thermal Window Comparator with Two-Wire Interface 


General Description : = Shutdown mode to minimize power consumption 


The LM92 is a digital temperature sensor and thermal win- 
dow comparator with an I2C™ Serial Bus interface and an 
accuracy of +0.33°C. The window-comparator architecture 
of the LM92 eases the design of temperature control sys- ee : 
tems. The open-drain Interrupt (INT) output becomes active — Key Specifications 
whenever temperature goes outside a programmable win- 
dow, while a separate Critical Temperature Alarm . 
(T_CRIT_A) output becomes active when the temperature m Supply Current operating 
exceeds a programmable critical limit. The INT output can 
operate in either a comparator or event mode, while the | 


m@ 12-bit + sign output 
= Operation up to 150°C 


m@ Supply Voltage 


T_CRIT_A output operates in comparator mode only. ‘shutdown ; 
The host can program both the upper and lower limits of the  ™@ Temperature 30°C 
window as well as the critical temperature limit. Program- Accuracy 10°C to 50°C 
mable hysterisis as well as a fault queue are available to | ~10°C to 85°C 
minimize false tripping. Two pins (AO, A1) are available for 125°C 
address selection. The sensor powers up with default thresh- ; 
olds of 2°C Tyyst, 10°C Tow, 64°C Tyigy, and 80°C -25°C to 150°C 
T_CRIT. | m@ Linearity 
The LM92’s 2.7V to 5.5V supply voltage range, Serial Bus in- m Resolution 
terface, 12-bit + sign output, and full-scale range of over 
128 C make it ideal for a wide range of applications. These Applications 
include thermal management and proteciion applications in 
personal computers, electronic test equipment, office elec- - HVAC 
tronics, automotive, medical and HVAC applications. ™ Medical Electronics 

m Electronic Test Equipment 
Features | m System Thermal Management 


& Window comparison simplifies design of ACPI Personal Computers 


rT] 
compatible temperature monitoring and control. m Office Electronics 
m Serial Bus interface = Automotive 
m™ Separate open-drain outputs for Interrupt and Critical 

Temperature shutdown 


Simplified Block Diagram 


g | tVs 2.7V~- 5.5V 


12~Bit + Sign 
Temperature-to~Digital 
Converter 


T_CRIT Ul Tow a ee 


Serial Bus Interface 
and | seta Registers 
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m Up to 4 LM92s can be connected to a single bus 


2.7V to 5.5V 
S50HA (typ) 
625yA (max) 
SHA (typ) 
+0.33°C(max) 
+0.50°C(max) 
+1.0°C(max) 
+1.25°C(max) 
+1.5°C(max) 
+0.5°C(max) 
0.0625°C 


Connection Diagram 


SDA 
SCL 
T_CRIT_A 
GND 


LM92 
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See NS Package Number MO8A 


Ordering Information 





LM92CIM 2.7V to 5.5V 


Pin Descriptions 


Label 
SDA 
SCL 
T_CRIT_A 


GND 
INT 
tVsg 
AQ-A1 


Typical Application 


+Vg 2.7V to 5.5V 







Address (Set as AO 
desired) At 


Interface 


12-53 


5 


Order Number Supply Voltage Supplied As 
LM92CIMX 2.7V to 5.5V 2500 Units on Tape and Reel 


Serial Bi-Directional Data Line. Open Drain Output 
| 2 | Serial Bus Clock Input 


= | Critical Temperature Alarm Open Drain Output 


[5 | interupt Open Drain Output 
[a] Pstve Supply Votage Input 








Typical Connection 
From Controller 
From Controller 


Pull Up Resistor, Controller Interrupt Line 
or System Hardware Shutdown 


Ground 

Pull Up Resistor, Controller Interrupt Line 
DC Voltage from 2.7V to 5.5V 

Ground (Low, “0”) or +Vg (High, “1”) 


Typical Bypass 0.1 uF 
(Unless mounted close 
to processor) 


3 T_CRIT_A Out 


To Hardware Shutdown 


INT Out 


To Processor 
Interrupt Line 


DS101051-3 
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LM134/LM234/LM334 
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National Semiconductor 


LM134/LM234/LM334 


3-Terminal Adjustable Current Sources 


General Description 


The LM134/LM234/LM334 are 3-terminal adjustable current 
sources featuring 10,000:1 range in operating current, excel- 


lent current regulation and a wide dynamic voltage range of 


1V to 40V. Current is established with one external resistor 
and no other parts are required. Initial current accuracy is 
+3%. The LM134/LM234/LM334 are true floating current 
sources with no separate power supply connections. In addi- 
tion, reverse applied voltages of up to 20V will draw only a 
few dozen microamperes of current, allowing the devices to 
act as both a rectifier and current source in AC applications. 


The sense voltage used to establish operating current in the 
LM134 is 64mV at 25°C and is directly proportional to abso- 
lute temperature (“K). The simplest one external resistor 
connection, then, generates a current with =+0.33%/"C tem- 
perature dependence. Zero drift operation can be obtained 
by adding one extra resistor and a diode. 


Applications for the current sources include bias Ranwones: 
Surge protection, low power reference, ramp generation, 


Connection Diagrams 


SO-8 
Surface Mount Package 


NC v- Vv NC 





R v~ \~ y* V- 
DS005697-24 
Order Number LM334M or 
LM334MX 
See NS Package Number M08A 





Order Number LM334SM or 
LM334SMX 
See NS Package Number MO8A 


_LED driver, and temperature sensing. The LM234-3 and 


LM234-6 are specified as true temperature sensors with 
guaranteed initial accuracy of +3°C and +6°C, respectively. 


These devices are ideal in remote sense applications be- 


cause series resistance in long wire runs does not affect ac- 
curacy. In addition, only 2 wires are required. Se 
The LM134 is guaranteed over a temperature range of 
-55°C to +125°C, the LM234 from —25°C to +100°C and the 
LM334 from 0°C to +70°C. These devices are available in 
TO-46 hermetic, TO-92 and SO-8 plastic packages. 


Features 

Operates from 1V to 40V 

0.02%/V current regulation 

Programmable from 1A to 10mA 

True 2-terminal operation 

Available as fully specified temperature sensor 
+3% initial accuracy _ 


SO-8 Alternative Pinout 
Surface Mount Package 
NC NC 


TO-46 


NC NC Metal Can Package 


yt 


yt NC 
DS005697-25 


DS005697-12 


V~ Pin is electrically connected to case. 


Bottom View 
Order Number LM134H, 
LM234H or LM334H 
See NS Package 
Number H03H 


TO-92 Plastic Package 
vt R Vo 


DS005697-10 


Bottom View 
Order Number LM334Z, LM234Z-3 or LM234Z-6 
See NS Package Number Z03A 
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National Semiconductor 


LM135/LM235/LM335, LM135A/LM235A/LM335A 
Precision Temperature Sensors 


General Description 


The LM135 series are precision, easily-calibrated, integrated 
circuit temperature sensors. Operating as a 2-terminal zener, 
| the LM135 has a breakdown voltage directly proportional to 
absolute temperature at +10 mV/°K. With less than 1Q dy- 
namic impedance the device operates over a current range 
of 400 yA to 5 mA with virtually no change in performance. 
When calibrated at 25°C the LM135 has typically less than 
1°C error over a 100°C temperature range. Unlike other sen- 
sors the LM135 has a linear output. 

Applications for the LM135 include almost any type of tem- 
perature sensing over a -—55°C to +150°C temperature 
range. The low impedance and linear output make interfac- 
ing to readout or control circuitry especially easy. 

The LM135 operates over a -55°C to +150°C temperature 
range while the LM235 operates over a —40°C to +125°C 


Schematic Diagram 
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temperature range. The LM335 operates from -40°C to 
+100°C. The LM135/LM235/LM335 are available packaged 
in hermetic TO-46 transistor packages while the LM335 is 
also available in plastic TO-92 packages. 


Features 


™ Directly calibrated in ‘Kelvin 

= 1°C initial accuracy available 

m™ Operates from 400 pA to 5 mA 

mw Less than 10 dynamic impedance 
® Easily calibrated 

m Wide operating temperature range 
200°C overrange 


a 
m™ Low cost 


ADJUSTMENT 


DS005698-1 
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VSEEINT/VSECINT/VSELIWT ‘SEEN T/SECNT/SELWT 





LM135/LM235/LM335, LM135A/LM235A/LM335A 


Connection Diagrams 


TO-92 
Plastic Package SO-8 
7 Surface Mount Package 





DS005698-8 





Bottom View 
seater bl re Soe DS005698-25 
See NS Package . Order Number LM335M 
Number Z03A See NS Package 
| | Number MO8A - 
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TO-46 
Metal Can Package’ | 





DS005698-26 


*Case is connected to negative pin 


Bottom View 
Order Number LM135H, 
LM135H-MIL, LM235H, 
LM335H, LM135AH, 
LM235AH or LM335AH 
See NS Package 
Number HOSH 
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Video Circuits 
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Video Circuits Selection Guide 








apIny UONIaIag S}INDIQ OAPIA 











Horizontal 48.4 68.7 91.1 93.8 

Frequency 

Vertical 70 75 85 75 

Frequency (Hz) 

Video Channel 

Preamplifier LM1279N LM1279N LM1279N LM1279N LM1283N LM2202N 

LM1281N LM1282N 

Deflection 
Horizontal PLL | LM1290N LM1290N LM1290N LM1290N LM1292N LM1i292N 


1024x768 | 1024x768 | 1024x768 | 1280 x 1024 1280 x 1024 | 1600 x 1200 
(kHz) 
os> [ves __—| es 
CRT Driver LM2438T =| LM2439T LM2437T =| LM2435T LM2403N —| LM2402N 

LM2409T LM2407T =| LM2415T 

LM2405T 

Geometry LM1296N | LM1296N LM1296N | LM1296N LM1295N =| LM1295N 
Correction 
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_LM1279 


LM1279 -_ 


AY vationat Semiconductor 


110 MHz RGB Video Amplifier System with OSD 


General Description 


' The LM1279 is a full featured and low cost video amplifier 


with OSD (On Screen Display). 8V operation for low power 
and increased reliability. Supplied in a 20-pin DIP package, 
accommodating very compact designs of the video channel 
requiring OSD. All video functions controlled by OV to 4V 
high impedance DC inputs. This provides easy interfacing to 
5V DACs used in computer controlled systems and digital 
alignment systems. Unique OSD switching, no OSD switch- 
ing signal required. An OSD signal at any OSD input typically 
switches the LM1279 to the OSD mode within 5 ns. Ideal 
video amplifier for the low cost OSD monitor with resolutions 
up to 1280 x 1024. The LM1279 provides superior protection 
against ESD. Excellent alternative for the MC13282 in new 
designs. 


Features , 

m Three wideband video amplifiers 110 MHz @ -3dB (4 
Vpp Output) 

m OSD signal to any OSD input pin automatically switches 
all 3 outputs to the OSD mode 


Block and Connection Diagram 


LM1279 (TOP VIEW) 


RED OSD IN 


CONTRAST 
ATTENUATOR 


B CLAMP CAP 


VID CONTRAST 


ST 12.dB DRIVE 
UATOR . ATTENUATOR 


CONTRAST i 12dB DRIVE - 
ATTENUATOR | ATTENUATOR . 





Fast OSD switching time, typically 5 ns 

3.5 kV ESD protection 

Fixed cutoff level typically set to 1.35V 7 
OV to 4V, high impedance DC contrast control with over 
40 dB range | 

OV to 4V, high impedance DC drive control (0 dB to 
-—12 dB range) 

Matched (+0.3 dB or 3.5%) attenuators for contrast 
control : 

= Output stage directly drives CRT drivers 

m= Ideal combination with LM2407 CRT driver 


Applications 

®@ High resolution RGB CRT monitors 

m Video AGC amplifiers 

m Wideband amplifiers with contrast and drive controls 
m Interface amplifiers for LCD or CCD systems 


GREEN OSD IN 


BLUE OSD IN 


DS100091-1 


FIGURE 1. Order Number LM1279N 
See NS Package Number N20A 
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National Semiconductor 


L8cLINI 





LM1281 
85 MHz RGB Video Amplifier System with On Screen 
Display (OSD) 


General Description m™ TTL OSD inputs, 50 MHz bandwidth 

The LM1281 is a full feature video amplifier with OSD inputs, . nt ates aaa oah when: Bienked 

all within a 28-pin package. This part is intended for use in ee 

monitors with resolutions up to 1024 x 768. The video sec- ™ Independent drive control for each channel for color 
balance 


tion of the LM1281 features three matched video amplifiers 
with blanking. All of the video amplifier adjustments feature  ™ OV to 4V, high impedance DC contrast control with over 
high input impedance OV to 4V DC controls, providing easy 40 dB range 

interfacing to bus controlled alignment systems. The OSD OV to 4V, high impedance DC drive control (0 dB to 
section features three TTL inputs and a DC contrast control. -12 dB range) 

The switching between the OSD and video section is con- _m™ OV to 4V, high impedance DC OSD contrast control with 
trolled by a single TTL input. Although the OSD signals are over 40 dB range 

TTL inputs, these signals are internally processed to match m Capable of 7 Vpp output swing (slight reduction in 


the OSD logic low level to the video black level. When ad- bandwidth) 
justing the drive controls for color balance of the video sig- = Output stage directly drives most hybrid or discrete CRT 
nal, the color balance of the OSD display will track these drivers 


color adjustments. The LM1281 also features an internal 
spot killer circuit to protect the CRT when the monitor is Applications 


turned off. For applications without OSD insertion please re- 
fer to the LM1205 or LM1208 data sheets. B® High resolution RGB CRT monitors requiring OSD 


capability 


Features 


m™ Three wideband video amplifiers 85 MHz @ -3 dB 
(4 Vpp output) 


Block and Connection Diagram 


Red OSD Input Red Drive Adjust 
Green OSD Input | 2 — Sete Green Drive Adjust 
Contrast i fe ST g 
e 








Blue OSD Input Attenuation 6} Blue Drive Adjust 


| aa 
Video/OSD Switch | Be SS 


Red Video In 


125] RGB Cutoff Adjust 


He Red Clamp Cap 


Voc 
Ground 22 Voc2 


Green Video In Ground 


OSD Contrast Clamp Gate 


DS012355-1 


FIGURE 1. Order Number LM1281N 
See NS Package Number N28B 
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LM1282 





LM1282 


National Semiconductor 


110 MHz RGB Video Amplifier System with On Screen 


Display (OSD) 


General Description 


The LM1282 is a full feature video amplifier with OSD inputs, 
all within a 28-pin package. This part is intended for use in 
monitors with resolutions up to 1280 x 1024. The video sec- 
tion of the LM1282 features three matched video amplifiers 
with blanking. All of the video amplifier adjustments feature 
high input impedance OV to 4V DC controls, providing easy 
interfacing to bus controlled alignment systems. The OSD 
section features three TTL inputs and a DC contrast control. 
The switching between the OSD and video section is con- 
trolled by a single TTL input. Although the OSD signals are 
TTL inputs, these signals are internally processed to match 
the OSD logic low level to the video black level. When ad- 
justing the drive controls for color balance of the video sig- 
nal, the color balance of the OSD display will track these 
color adjustments. The LM1282 also features an internal 
spot killer circuit to protect the CRT when the monitor is 
turned off. For applications without OSD insertion please re- 
fer to the LM1205 or LM1208 data sheets. 


Features 


m Three wideband video amplifiers 110 MHz @ -3 dB 
(4 Vpp output) 


Block and Connection Diagram 


Red OSD Input 
Green OSD Input 
Blue OSD Input 
Video/OSD Switch 


Red Video In 


Video Contrast 


OSD Contrast 





TTL OSD inputs, 50 MHz bandwidth 
On chip blanking, outputs under 0.1 V when blanked 
High speed Video/OSD switch 
Independent drive control for each channel for color 
balance 
OV to 4V, high impedance DC contrast control with over 
40 dB range 
m@ OV to 4V, high impedance DC drive control (0 dB to 
-—12 dB range) 
m@ OV to 4V, high impedance DC OSD contrast control with 
over 40 dB range 
m Capable of 7 Vpp output swing (slight reduction in 
bandwidth) ; 
m Output stage directly drives most hybrid or discrete CRT 
drivers 


Applications 


m™ High resolution RGB CRT monitors requiring OSD 
capability 


Red Drive Adjust 


Green Drive Adjust 


RGB Cutoff Adjust 
Red Clamp Cap 


Red Video Out 


Green Clamp Cap 
Blue Video Out 
Blue Clamp Cap 
Blank Gate 


Clamp Gate 


DS012519-1 


FIGURE 1. Order Number LM1282N 
See NS Package Number N28B 
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National Semiconductor 


S8clint 





LM1283 
140 MHz RGB Video Amplifier System with On Screen 
Display (OSD) 


General Description m TTL OSD inputs, 50 MHz bandwidth 


The LM1283 is a full feature video amplifier with OSD inputs, . ics Accean  caegi tein PESOS 

all within a 28-pin package. This part is intended for use in p 

monitors with resolutions up to 1280 x 1024. The video sec- ™ Independent drive control for each channel for color 
tion of the LM1283 features three matched video amplifiers balance 

with blanking. All of the video amplifier adjustments feature  ™ OV to 4V, high impedance DC contrast control with over 
high input impedance OV to 4V DC controls, providing easy 40 dB range 

interfacing to bus controlled alignment systems. The OSD ~—'™ OV to 4V, high impedance DC drive control (0 dB to 
section features three TTL inputs and a DC contrast control. ~12 dB range) 

The switching between the OSD and video section is con- | OV to 4V, high impedance DC OSD contrast control with 
trolled by a single TTL input. Although the OSD signals are over 40 dB range 

TTL inputs, these signals are internally processed to match =m Capable of 6.5 Vpp output swing (slight reduction in 


the OSD logic low level to the video black level. When ad- bandwidth) 
justing the drive controls for color balance of the video sig- Output stage directly drives most hybrid or discrete CRT 
nal, the color balance of the OSD display will track these drivers 


color adjustments. The LM1283 also features an internal 
spot killer circuit to protect the CRT when the monitor is Applications 


turned off. For applications without OSD insertion please re- 
fer to the LM1205 or LM1208 data sheets. m@ High resolution RGB CRT monitors requiring OSD 


capability 
Features 


m Three wideband video amplifiers 140 MHz @ —-3 dB 
(4 Vpp output) 


Block and Connection Diagram 13 






Ground Green Clamp Cap 
Blue Video Out 
Blue Clamp Cap 
Blank Gate 


OSD Contrast Clamp Gate 


DS012684-1 


FIGURE 1. Order Number LM1283N 
See NS Package Number N28B 
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LM2202 


AY national Semiconductor 


LM2202 


230 MHz Video Amplifier System 


General Description 


The LM2202 is a very high frequency video amplifier system 
intended for use in high resolution monochrome or RGB 
color monitor applications. In addition to the wideband video 
amplifier the LM2202 contains a gated differential input black 
level clamp comparator for brightness control, a DC con- 
trolled attenuator for contrast control and a DC controlled 
sub contrast attenuator for drive control. The DC control for 
the contrast attenuator is pinned out separately to provide a 
more accurate control system for RGB color monitor applica- 
tions. All DC controls offer a high input impedance and oper- 
ate over a OV to 4V range for easy interface to bus controlled 
alignment systems. The LM2202 operates from a nominal 
12V supply but can be operated with supply voltages down 
to 8V for applications that require reduced IC package power 
dissipation characteristics. 


Features 


m Wideband video amplifier 
(f_sap = 230 MHz at Vo = 4 Vpp) 


Block and Connection Diagram 


Voo2 






ATTENUATOR IN+ | 1 | 
ATTENUATOR IN= 
CONTROL OUT+ | 20 
CONTROL OUT~| 3 | 


CONTRAST 
CONTROL 


SYSTEM Veo 1 


CONTRAST CONTROL 8 | 
DRIVE CONTROL 9 | 





Order Number 
See NS Package Number N20A or M20B 
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ATTENUATOR 
(CONTRAST) 


@ t,t = 1.5 ns at Vo = 4 Vpp 

Externally gated comparator for brightness control 

OV to 4V high input impedance DC contrast control 

(>40 dB range) 

B@ OV to 4V high input impedance DC drive control 
(+3 dB range) 

m Easy to parallel three LM2202s for optimum color 
tracking in RGB systems 

m Output stage clamps to 0.65V and provides up to 9V 
output voltage swing 

m™ Output stage directly drives most hybrid or discrete CRT 
amplifier stages 

m Replacement for the LM1202 


Applications 

@ High resolution CRT monitors 

m= Video switches 

= Video AGC amplifier 

m™ Wideband amplifier with gain and DC offset control 


16, Voo$ 
ATTENUATOR 
(DRIVE) 
ae VIDEO OUT 


oL_E ae 
+ CLAMP CAP 

11] DRIVE CAP 
SESsSe aed 


+ 
BE Ke CLAMP(+) 
CONTROL 18 | CLAMP(-) 


CLAMP GATE 


13 | GROUND 


DS012691-1 


LM2202N or LM2202M 
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National Semiconductor 





LM1253A 


Monolithic Triple 180 MHz IC CRT Pre-amp With 
Integrated Analog On Screen Display (OSD) Generator 


General Description 


The LM1253A pre-amp is an integrated high voltage triple 
CRT pre-amp and Analog On Screen Display (OSD) genera- 
tor. The IC is |?C controlled, and allows control of all the pa- 
rameters necessary to setup and adjust the brightness and 
contrast in the CRT display. In addition, it provides a pro- 
grammable period vertical blanking pulse which is used to 
blank the G1. 


The LM1253A pre-amp is designed to work in cooperation 
with the LM2453 driver, and provides a multiplexed video 
signal (VideoPlex) interface to enable the DC clamp levels at 
the cathode to be varied in order to set up the CRT bias and 
to allow individual adjustment for brightness. 


The Analog OSD has a selectable palette allowing a wide se- 
lection of colors. The preset level of the OSD can be con- 
trolled by I?C to suit different CRT displays. The OSD signal 
is internally mixed with the video signal, before the gain sec- 
tion, and thus gives excellent white tracking of the OSD with 
the white color point setting of the video. 


The Brightness settings are also mixed into the video signal 
before the gain matching controls and consequently give ex- 
cellent white color point tracking with variations in the Bright- 
ness control. An active horizontal blanking signal is added to 
the video at the output, giving excellent smear performance, 
and preventing video content dependent DC bias offsets as 
a result of high frequency over shoot. 


The OSD horizontal sync and blanking signal is derived from 
a positive going flyback pulse. The digital section provides 
easy interfacing of this signal with the deflection circuits. 


The vertical blanking signal is taken from the vertical sync 
signal, and the blanking duration is programmable. This sys- 
tem is highly integrated and requires a minimal number of 
external components. 


Black level clamping of the signal is carried out directly on 
the AC coupled input signal into the high impedance pream- 
plifier input, thus eliminating the need for additional black 
level clamp capacitors. 
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The outputs are referenced to a DC level produced by the 
LM1253A Pre-amp, and so are guaranteed to provide stable 
DC operating levels within the system without the need for 
additional external feedback components. 
The IC is packaged in an industry standard wide body 28- 
lead DIL molded plastic package. . 


Features | 

™ 190 two-color ROM based Character Fonts 

m 64 four-color ROM based Character Fonts 

™ Supports a programmable page size with up to 512 
characters and line definition codes 

m™ Support for 2 Display Windows (size of each window is 
configurable) . | 

m™ Programmable start position for each Display Window 

m Programmable Resolutions: from 512 to 960 pixels per 
line in 64 pixel increments 

™ Programmable Character Height, with automatic height 
control with mode change 

m™ Programmable Row Spacing between each display 

character row 

Maximum Pixel clock of 92.2 MHz 

12C compatible interface to controlling micro-controller 

Buiton boxes 

180 MHz preamplifier with full video signal parametric 

control 

VideoPlex™ interface to the LM2453 driver 

OSD mixing with 64 out of 512 color mask 

programmable selection 


Intended Applications 


@ 1280 x 1024 Displays up to 75 Hz requiring OSD 
capability 
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LM1253A 


Block and Connection Diagrams 
















512 CHAR + 
ATTRIBUTE 
PAGE RAM 
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COLOR 
ATTR. TABLE 


4- COLOR 
ATTR. TABLE 
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190*2-COLOR COLOR ENHANCED PALETTE 
CHAR ROM DECODER FEATURES DAC 


CONTROL fp 
REGISTERS f° --- 


HBLANK 









64*4-COLOR 












Vere OUT I 
1 REF i 


BOX 
GENERATOR 
SHADOW 
GENERATOR 


t HFLYBACK 


AUTO HEIGHT 
CHAR ROW 
ADDRESS 


VREF 









romana aid VBLANK # VBLANK : 
VFLYBACK VBLANK DRIVE y OUT ' 
ae aad : r= a es ee oe | 
om on on oe og OUTPUT 'vip—o 6=—«Fl 
VIDEO IN¢ eas SOURCE BUFFER AMP ;OUT sy 
HI-Z INPUT CONTRAST AUTO BEAM GAIN DC DACS 
BUFFER AMP i ATTENUATOR iz LIMIT AMP x ATTENUATOR OFFSET een 
az, iver =f 
y DECOUPLE 
R he cen ee es es ee 


"CLAMP 


RESTORE pon] 
RESTORE AMP 


DS101265-1 


FIGURE 1. Block Diagram 
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Block and Connection Diagrams (continueq) 


VEScLW 


28-Lead (0.600” wide) Molded Dual-in-Line Package 


Rext Vrer h 1 





ANALOG Voc 


V Blank Out ANALOG GND 
Veer CAP Vper OUT 
B Video In B Video Out 
R Video In R Video Out 
G Video In G Video Out 
ANALOG GND ANALOG GND 
ANALOG Voc | 8 | ANALOG Voc 
ANALOG Voc | 9 | DIGITAL Voc 


H FLYBACK V FLYBACK 


DS101265-2 


Order Number LM1253AN 
See NS Package Number N28B 


FIGURE 2. Connection Diagram 
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--LM2453 


www.national.com 


AY national Semiconductor 


LM2453 


Monolithic Triple 6 nS CRT Driver With Integrated Clamp 


and G1 Blanking 


General Description 


The AC2DC driver is an integrated high voltage triple CRT 
driver circuit designed for use in color monitor applications. 
The input signal interface to the IC is a multiplexed signal 
containing both clamp and video signal information, relative 
to a 1.7 Voc reference. 


The IC contains three high gain, high input impedance, wide 
band amplifiers which directly drive the RGB cathodes of a 
CRT. Each channel has its gain internally set to -52 and can 
drive CRT capacitive loads as well as resistive loads present 
in other applications, limited only by the package’s power 
dissipation. : 

Integrated with the driver is triple clamp circuit for DC recov- 
ery of each of the AC coupled outputs. The DC clamp circuit 
amplifies the clamp signal that is multiplexed on the video 
signal input. The DC clamp amplifiers are high gain, high in- 
put impedance amplifiers, setting a low impedance DC level 
at the clamp output which can be used to restore the DC 
level of the cathode drive. Each channel has a gain that is in- 
ternally set to +73. a 7 


| Also integrated within the package is a 40 Vp,.p vertical 


blanking driver that is designed to provide vertical retrace 
blanking on G1 of the CRT. This is a current limited, low im- 
pedance output capable of driving normal G1 decoupling ca- 


Block Diagram 





DS101302-1 


FIGURE 1. LM2453 Block Diagram 


pacitances via an external resistor. The output of the G1 
driver can also be used to drive a voltage boost capacitor (22 
UF). When connected between the G1 drive output and the 
120V supply input pin, a 120V boost supply is achieved 
which can be used to drive the internal DC clamp circuit, 
thereby eliminating the requirement for a 120V clamp supply. 
The IC is packaged in an industry standard 15-lead TO-220 
molded plastic power package. 


Features 

m Low power dissipation 

m= Well matched with LM1253A video pre-amp 

m™ Three wideband video amplifiers 

m Three integrated active clamp circuits 

m Convenient TO-220 staggered lead package 

= Built in horizontal blanking 

m Integrated 120V supply and G1 vertical blank drive 
circuit 


Applications 


m 1280 x 1024 Resolution displays up to 75 Hz refresh 
m Pixel clock frequencies up to 1385 MHz 
m Monitors requiring horizontal video blanking 


Package Pinout 


Velamp | 


Vin 1 
Velamp 


Velamp 
Vind 


2 


3 


VREF 

Vep 

80 Veg 

Vplank 

Vout 

G1 V BLANK/ CAP LOW 
Your2 

120 Vog 


Vout | 





Pin 1 Designator 
Note 1: Tab is GND 


DS101302-2 


FIGURE 2. LM2453 Package Pinout 
Order Number LM2453TA 
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Special Features 


MULTIPLEXED VIDEO SIGNAL INPUT 


The LM2453 accepts the multiplexed video signal from the 
LM1253 which contains the video signal and DC clamp level. 
This multiplexed signal is shown in Figure 3. It was designed 
to simplify the interface between the pre-amp and CRT 


CLAMP SIGNAL RANGE 





OSD 


MAX = 0.9V 


Vwhite max = 3-20V 

“a 
Vwhite typ = 2.89V eae 
Vblack typ = 2.12V 
Veet = 1-7 55V sme mm on oe hits 
Velampmax = 0.87V 


Driver. Slightly over 1V of dynamic range is provided for the 
video and OSD portions of the waveform. The clamp signal 
control voltage range is approximately 0.9V. The typical 
numbers for the black and white levels shown correspond to 
a nominal swing of 40 Vp-p (from 25 to 65) at the video out- 
puts of the LM2453. The clamp pulse lower level is used to 
set the voltage at the clamp outputs of the LM2453. 


Vwhite 


_— em ee ee ee ee oe » 
. 


VIDEO 
MAX RAN 
1.0V 





BIAS/ 
H BLANK 





FIGURE 3. National LM1253 Multiplexed Video Signal 
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LM2402 


AY national Semiconductor 


LM2402 


Monolithic Triple 3 ns CRT Driver 


General Description 


The LM2402 is an integrated high voltage CRT driver circuit 
designed for use in high resolution color monitor applica- 
tions. The IC contains three high input impedance, wide 
band amplifiers which directly drive the RGB cathodes of a 
CRT. Each channel has its gain internally set to -14 and can 
drive CRT capacitive loads as well as resistive loads pre- 
sented by other applications, limited only by the package’s 
power dissipation. 

The IC is packaged in an industry standard 11 lead TO-220 
molded plastic power package. See thermal considerations 
on page 5. 


Features 


m Rise/fall times typically 3.0/2.8 ns with 8 pF load at 


Schematic and Connection Diagrams 


Voc 


O 
1, 3, 5 





2, 4, 7 
DS101016-1 
FIGURE 1. Simplified Schematic Diagram 
(One Channel) 
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@ Well matched with LM2202 video preamps 


= Output swing capability: 50 Vpp for Veg = 80V 

m@ 1V to 5V input range 

m Stable with 0-20 pF capacitive loads and inductive 
peaking networks 

m Convenient TO-220 staggered lead package style 

m= Standard LM240X family pinout which is designed for 
easy PCB layout 


Applications 

= CRT driver for color monitors with display resolutions up 
to 1600 x 1200 

m Pixel clock frequency up to 200 MHz 





Pin 1 Designator 


Note: Tab is at GND 


DS101016-2 


Top View 
Order Number LM2402T 


13-14 


National Semiconductor 


LM2403 


Monolithic Triple 4.5 nS CRT Driver 


General Description 


The LM2403 is an integrated high voltage CRT driver circuit 
designed for use in high resolution color monitor applica- 


Features 


= Rise/fall times typically 4.5 nS with 8 pF load at 40 V,,, 
= Well matched with LM1283 video preamp 


tions. The IC contains three high input impedance, wide ™ Output swing capability: 60 V,,, for Vcc = 80V 

band amplifiers which directly drive the RGB cathodes of 2» _41V to 5V input range 

CRT. Each channel has its gain internally setto-14 andcan Stable with 0 pF-20 pF capacitive loads and inductive 
drive CRT capacitive loads as well as resistive loads pre- peaking networks 

sented by other applications, limited only by the package’s = Convenient TO-220 staggered lead package style 
ici! SP . Standard LM240X Family Pinout which is designed for 
The IC is packaged in an industry standard 11 lead TO-220 easy PCB layout 

molded plastic power package. See thermal considerations 
on page 5. 


Applications 


= CRT driver for color monitors with display resolutions up 
to 1600 x 1200 
m Pixel clock frequency up to 160 MHz 


Schematic and Connection Diagrams 


Vec 









OUTPUT 


INPUT 
© 


Low Pass 
Filter 





— Pin 1 Designator 


DS100082-1 
Note: Tab is at GND 
DS100082-2 


Top View 
Order Number LM2403T 


FIGURE 1. Simplified Schematic Diagram (One Channel) 
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LM2405 


AY vationat Semiconductor 


LM2405 


Monolithic Triple 7 ns CRT Driver 


General Description 


The LM2405 is an integrated high voltage CRT driver circuit 
designed for use in color monitor applications. The IC con- 
tains three high input impedance, wide band amplifiers 
which directly drive the RGB cathodes of a CRT. Each chan- 
nel has its gain internally set at -14 and can drive CRT ca- 
pacitive loads as well as resistive loads presented by other 
applications, limited only by the package’s power dissipation. 
The IC is packaged in an industry standard 11 lead TO-220 
molded plastic power package. See thermal considerations 
on page 5. 


Features 
= Rise/fall times typically 7 ns with 8 pF load 


Schematic and Connection Diagram 


Voc 





2,4,7 
DS012682-1 
FIGURE 1. Simplified Schematic Diagram (One 
Channel) 


m= Output swing capability: 
50 Vpp for Voc = 80 
40 Vpp for Veco = 70 
30 Vpp for Voc = 60 . 
m Pinout designed for easy PCB layout 
m OV to 6V input range 
m Stable with 0 pF—20 pF capactive loads 
m Convenient TO-220 staggered lead package style 


Applications 3 , 

m= CRIT driver for 1280 x 1024 (Non-interlaced) and XGA 
display resolution color monitors 

m Pixel clock frequency up to 130 MHz 

m™ Monitors using video blanking 


Vint 
Vep 
Vig? 
Viy3 
GND 
Vee 
Yours 
GND 2 
Vout? 
GND 1 
Vout! 





Pin 1 Desig — 


DS012682-2 
Tab is at GND 
Top View 
Order Number LM2405T 
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National Semiconductor 


LM2407 
Monolithic Triple 7.5 nS CRT Driver 


General Description Features 


The LM2407 is an integrated high voltage CRT driver circuit | ™ Low power dissipation 

designed for use in color monitor applications. The !C con- = ™ Well matched with LM1279 video preamp 

tains three high input impedance, wide band amplifiers m OV to 5V input range 

which directly drive the RGB cathodes of aCRT. Each chan- — Stable with 0 pF—20 pF capacitive loads and inductive 
nel has its gain internally set to -14 and can drive CRT ca- peaking networks 

pacitive loads as well as resistive loads present in other ap- Convenient TO-220 staggered lead package style 


plications, limited only by the package’s power dissipation. = Standard LM240X Family Pinout which is designed for 
The IC is packaged in an industry standard 11-lead TO-220 easy PCB layout 
molded plastic power package. See thermal considerations 
pease Applications 
m 1024 x 768 displays up to 85 Hz refresh 
m Pixel clock frequencies up to 100 MHz 
™ Monitors using video blanking 


Schematic and Connection Diagrams 


Voc 


O 
1,3,5 





Pin 1 Designator 
DS100093-2 


Note: Tab is at GND 
Top View 
GND Order Number LM2407T 
2,4,7 
DS100093-1 
FIGURE 1. Simplified Schematic Diagram 
(One Channel) 
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LM2409 





LM2409 


National Semiconductor 


Monolithic Triple 9.5 ns CRT Driver 


General Description 


The LM2409 is an integrated high voltage CRT driver circuit 
designed for use in color monitor applications. The IC con- 
tains three high input impedance, wide band amplifiers 
which directly drive the RGB cathodes of a CRT. Each chan- 
nel has its gain internally set to -14 and can drive CRT ca- 
pacitive loads as well as resistive loads present in other ap- 
plications, limited only by the package’s power dissipation. 
The IC is packaged in an industry standard 11-lead TO-220 
molded plastic power package. See Thermal Considerations 
section. 


Features 


w Dissipates approximately 50% less power than the 
LM2406 


Schematic and Connection Diagrams 


Voc 





Vout 
1,3,5 
GND 
2,4,7 

DS100838-1 

FIGURE 1. Simplified Schematic Diagram 
(One Channel) 
www.national.com 


= Well matched with LM1279 video preamp 

=@ OV to 5V input range 

m Stable with 0 pF-20 pF capacitive loads and inductive 
peaking networks 

= Convenient TO-220 staggered lead package style 

m Standard LM240X Family Pinout which is designed for 
easy PCB layout . 


Applications 

@ 1024 x 768 Displays up to 70 Hz Refresh 
m Pixel clock frequencies up to 75 MHz 

@ Monitors using video blanking 





Pin 1 Designator 
DS100838-2 


Note: Tab is at GND 
Top View 
Order Number LM2409T 
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National Semiconductor 


LM2415 


Monolithic Triple 5.5 ns CRT Driver 


General Description 


The LM2415 is an integrated high voltage CRT driver circuit 
designed for use in color monitor applications. The IC con- 
tains three high input impedance, wide band amplifiers 
which directly drive the RGB cathodes of a CRT. Each chan- 
nel has its gain internally set to -14 and can drive CRT ca- 
pacitive loads as well as resistive loads present in other ap- 
plications, limited only by the package’s power dissipation. 
The IC is packaged in an industry standard 11-lead TO-220 
molded plastic power package. See Thermal Considerations 
section. 


Features 


m Dissipates approximately 45% less power than the 
LM2405 


Schematic and Connection Diagrams 


6 Vcc 


GND 
2,4,7 
DS100978-1 
FIGURE 1. Simplified Schematic Diagram 
(One Channel) 
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w Well matched with LM1279 and LM1282 video preamps 

m OV to 5V input range 

m Stable with 0 pF—20 pF capacitive loads and inductive 
peaking networks 

m Convenient TO-220 staggered lead package style 

@ Standard LM240X Family Pinout which is designed for 
easy PCB layout 


Applications 

m 1280 x 1024 Displays up to 75 Hz Refresh 
m Pixel clock frequencies up to 135 MHz 

® Monitors using video blanking 





Pin 1 Designator 
DS100978-2 


Note: Tab is at GND 
Top View 
Order Number LM2415T 
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LM2435 


National Semiconductor 


Monolithic Triple 5.5 ns CRT Driver 


General Description 


The LM2435 is an integrated high voltage CRT driver circuit 
designed for use in color monitor applications. The IC con- 
tains three high input impedance, wide band amplifiers 
which directly drive the RGB cathodes of a CRT. Each chan- 
nel has its gain internally set to -14 and can drive CRT ca- 


_ pacitive loads as well as resistive loads present in other ap- 


plications, limited only by the package’s power dissipation. 
The IC is packaged in an industry standard 9-lead TO-220 
molded plastic power package. See Thermal Considerations 
section. 


Features 


_™ Dissipates approximately 45% less power than the 


LM2405 


m= Well matched with LM1279 and LM1282/83 video - 
preamps 

OV to 5V input range 

Stable with 0 pF—20 pF capacitive loads and inductive 
peaking networks 

m Convenient TO-220 staggered lead catians style 
Standard LM243X Family Pinout which is secre for 
easy PCB layout 


Applications 

m 1280 x 1024 Displays up to 75 Hz Refresh 
m Pixel clock frequencies up to 185 MHz 

m@ Monitors using video blanking 


Schematic and Connection Diagrams. 


Voc 


O 
1,2,3 


GND 





5 
DS101044-1 


FIGURE 1. Simplified Schematic Diagram 
(One Channel) 


www.national.com 





Pin 1 Designator 
DS101044-2 


Note: Tab is at GND 
Top View 
Order Number.LM2435T 
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National Semiconductor 


LEvcwN 


LM2437 
Monolithic Triple 7.5 ns CRT Driver 


General Description Features 


The LM2437 is an integrated high voltage CRT driver circuit = Well matched with LM1279 video preamp 
designed for use in color monitor applications. The IC con- =m OV to 4.5V input range 

tains three high input impedance, wide band amplifiers  ™@ Stable with 0-20 pF capacitive loads and inductive 
which directly drive the RGB cathodes of a CRT. Each chan- peaking networks 

nel has its gain internally set to -14 and can drive CRT ca- sm _~Convenient TO-220 staggered lead package style 


pacitive loads as well as resistive loads present in other ap- ss _ Standard LM243X Family Pinout which is designed for 
plications, limited only by the package’s power dissipation. easy PCB layout 


The IC is packaged in an industry standard 9-lead TO-220 
molded plastic power package. See Thermal Considerations Application Ss 


section. 
m 1024 x 768 displays up to 85 Hz refresh 


m Pixel clock frequencies up to 100 MHz 
™ Monitors using video blanking 


Schematic and Connection Diagrams 





Voc 
4 
4 Vout 
Bee ss 
Pin 1 Designator 
DS100932-2 
Note: Tab is at GND 
Top View 
GND Order Number LM2437T 
5 
DS100932-1 


FIGURE 1. Simplified Schematic Diagram 
(One Channel) 
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LM2438 


AY national Semiconductor 


LM2438 


Monolithic Triple 13.5 ns CRT Driver 


General Description 


The LM2438 is an integrated high voltage CRT driver circuit 
designed for use in color monitor applications. The IC con- 
tains three high input impedance, wide band amplifiers 
which directly drive the RGB cathodes of a CRT. Each chan- 
nel has its gain internally set to -14 and can drive CRT ca- 
pacitive loads as well as resistive loads present in other ap- 
plications, limited only by the package’s power dissipation. 
The IC is packaged in an industry standard 9-lead TO-220 
molded plastic power package. See Thermal Considerations 
section. . 


Features He Bg 

= Well matched with LM1279 video preamp 

m OV to 5V input range 

m Stable with 0-20 pF capacitive loads and inductive 
peaking networks 7 

m Convenient TO-220 staggered lead package style 

m@ Standard LM243X Family Pinout which is designed for 
easy PCB layout | 


Applications 

m 1024 x 768 displays up to 60 Hz refresh 
m Pixel clock frequencies up to 60 MHz 

= Monitors using video blanking 


Schematic and Connection Diagrams | 


Voc 





6 Your 
1,2;5 
GND 
5 
0S101043-1 
FIGURE 1. Simplified Schematic Diagram 
(One Channel) 
www.national.com 





Pin 1 Designator 
DS101043-2 


Note: Tab is at GND 


Top View 
Order Number LM2438T 
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National Semiconductor 


6ErcN 1 


LM2439 
Monolithic Triple 9.5 ns CRT Driver 


General Description w Well matched with LM1279 video preamp 

m OV to 5V input range 
The LM2439 is an integrated high voltage CRT driver circuit “ ne 2 he es Se ee ene ee 
designed for use in color monitor applications. The IC con- sa ve ' ie ape ne oe 
tains three high input impedance, wide band amplifiers Pea eo 


which directly drive the RGB cathodes of a CRT. Each chan- ™ Convenient TO-220 staggered lead package style 
nel has its gain internally set to -14 and can drive CRT ca- = Standard LM243X Family Pinout which is designed for 


pacitive loads as well as resistive loads present in other ap- easy PCB layout 
plications, limited only by the package’s power dissipation. , . 
The IC is packaged in an industry standard 9-lead TO-220 Applications 
molded plastic power package. See Thermal Considerations m 1024 x 768 Displays up to 70 Hz Refresh 
section. m Pixel clock frequencies up to 75 MHz 
m™ Monitors using video blanking 

Features 
m Dissipates approximately 50% less power than the 

LM2406 


Schematic and Connection Diagrams 


Voc 





Vout 
1,23 

Pin 1 Designator 

DS100988-2 
Note: Tab is at GND 
Top View 
GND Order Number LM2439T 
5 

DS100988-1 


FIGURE 1. Simplified Schematic Diagram 
(One Channel) 
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Section 14 
Voltage Control and 
Supervision Products 
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National Semiconductor 


Voltage Control and Supervisor Products Selection 
Guide 


VOLTAGE CONTROL PRODUCTS 
| penton | | ome | eames 
3, Current for control {1% & 0.5% tolerances. 














Package 
(Note 1) 


M5, N8& 





Part Number 


LM341 1 



















Power Supply Feedback 3.3;D 
of regulator Custom voltages 


(20mA to 15mA) available (8V to 17V) 
1.2, 1.5 


Current for control {1% tolerance. 
CURRENT GAUGE PRODUCTS 


of regulator 
Package 
Part N r I R 
elaealts | Fenetion seat | outpt—| tures (Note 1) 






LM3460 
(Note 2) 


GTL, GTLp Bus control 





(up to 15mA) 




















































































































































































LM3812-1.0 | High-Side Precision up to 1A PWM with duty Sampling interval of M8 
Current Gauge cycle proportional to | 50ms for 4% tolerance. 
input current 
LM3812-7.0 | High-Side Precision up to 7A (10A_ | PWM with duty Sampling interval of M8 
Current Gauge peak) cycle proportional to | 50ms for 6% tolerance. 
input current 
LM3813-1.0 | Low-Side Precision PWM with duty Sampling interval of M8 
Current Gauge cycle proportional! to | 50ms for 4% tolerance. 
input current 
LM3813-7.0 |Low-Side Precision up to 7A (10A {PWM with duty Sampling interval of M8 
Current Gauge peak) cycle proportional to | 50ms for 6% tolerance. 
input current 
LM3814-1.0 |High-Side Fast Current PWM with duty Sampling interval of 6ms M8 
Gauge cycle proportional to | for 5.5% tolerance. 
input current 
LM3814-7.0 |High-Side Fast Current |up to 7A (10A {PWM with duty Sampling interval of 6ms M8 
Gauge peak) cycle proportional to | for 8.5% tolerance. 
input current 
LM3815-1.0 {Low-Side Fast Current PWM with duty Sampling interval of 6ms M8 
Gauge cycle proportional to | for 5.5% tolerance. 
input current 
LM3815-7.0 |Low-Side Fast Current |up to 7A (10A_ | PWM with duty Sampling interval of 6ms M8 
Gauge peak) cycle proportional to | for 8.5% tolerance. 
input current 
LM3822-1.0 | High-Side Precision PWM with duty Sampling interval of M8 
Current Gauge cycle proportional to | 50ms for 4% tolerance. 
input current 
LM3822-2.0 |High-Side Precision PWM with duty Sampling interval of M8 
Current Gauge cycle proportional to | 50ms for 4% tolerance. 
input current 
LM3824-1.0 | High-Side Precision PWM with duty Sampling interval of 6ms M8 


Current Gauge cycle proportional to | for 6% tolerance. 


input current 
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Voltage Control and Supervisor Products Selection Guide 


CURRENT GAUGE PRODUCTS (Continued) 


High-Side Precision PWM with duty Sampling interval of 6ms 
Current Gauge | | cycle proportional to | for 6% tolerance.. (2 | 
input current 


POWER SUPPLY SUPERVISOR PRODUCTS 


Input Range Package 
Pp 
ase [Futon or Threshold [ow [ mm [f heey 






Package 
(Note 1) 
M8 







Part Number 







LM3822-2.0 




















































LM809 Power-on Reset 2.63, 2.93, Reset Flag Active Low RESET Output 
3.08, 4.00, 
4.38, 4.63V | 
LM810 Power-on Reset 2.63, 2.93, Reset Flag Active High RESET Output M3 
3.08, 4.00, | 
3 4.38, 4.63V 
LM2601 External Charger Power Logic Flags Adapter Present and TSSOP-14 
| Source Detector for Charger Present Logic 
Portable Computer Outputs to Inform CPU of 
Proper Bus Power 
Configuration 
LMC6953 PCi Local Bus 1.5-6, 3.3, 5V Reset Flag Power-on reset with M8 
Supervisor adjustable delay. | 
LP3470 Power-on Reset 2.63, 2.93, Reset Flag Adjustable delay. Custom M5 





3.08, 4.00, 
4.38, 4.63V 


voltages available 
(2.4V-5.0V) 


Note 1: Package designation includes number of pins: 

M = plastic surface-mount 

M3 = 3 Lead SOT-23 

M5 = 5 Lead SOT-23 

N = plastic dual-in-line 

TSSOP-14 = 14-Lead Thin Shrink Small-Outline Package 

Note 2: Refer to the Low Dropout Linear Voltage Regulators for product data for the LM3460 voltage controller. 
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AY vationat Semiconductor 


LM809/LM810 


3-Pin Microprocessor Reset Circuits 


General Description 


The LM809/810 microprocessor supervisory circuits can be 
used to monitor the power supplies in microprocessor and 
digital systems. They provide a reset to the microprocessor 
during power-up, power-down and brown-out conditions. 


The function of the LM809/810 is to monitor the Voc supply 
voltage, and assert a reset signal whenever this voltage de- 
clines below the factory-programmed reset threshold. The 
reset signal remains asserted for 240ms after Voc _rises 
above the threshold. The LM809 has an active-low RESET 


output, while the LM810 has an active-high RESET output. 


Six standard reset voltage options are available, suitable for 
monitoring 5V, 3.3V, and 3V supply voltages. 


With a low supply current of only 15yA, the LM809/810 are 
ideal for use in portable equipment. The LM809/LM810 are 
available in the 3-pin SOT23 package. 


Typical Application Circuit 


Voc 





DS101057-1 
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Features : 

m@ Precise monitoring of 3V, 3.3V, and 5V supply voltages 

Superior upgrade to MAX809/810 

m Fully specified over temperature 

= 140ms min. Power-On Reset pulse width, 240ms typical 
Active-low RESET Output (LM809) 
Active-high RESET Output (LM810) 

m= Guaranteed RESET Output valid for V6_21V 

m Low Supply Current, 15pA typ. 

m Power supply transient immunity 


Applications 

™ Microprocessor Systems 

= Computers 

# Controllers 

@ Intelligent Instruments 

m Portable/Battery-Powered Equipment 
= Automotive 


Connection Diagram 


GND 











LM809 
LM8 10 


Voc 


RESET (RESET) 


DS101057-2 


() are for LM810 
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OLSIN'1/608IN1 


LM809/LM810 


Ordering Information 


Reset Threshold | LM809 Supplied as LM809 Supplied as Package Package Type | NSC Package 
(V) 1000 units, tape & reel | 3000 units, tape & reel Top Mark 





















4.63 — 

4368 | _tMeoeve-asa | _Lmeoewax4.s8 | S78 __| 

4.00 | _LMgooMs-4.00 —|_—sLM809M3X-4.00 | SB. | eae aiaaas 

3.08 

2.63, | wth 
Reset Threshold | M810 Supplied as LM810 Supplied as | Package NSC Package 

(VY). 1000 units, tape & reel | 3000 units, tape & reel. - Top Mark. a 

463 | __tMetoms-463 | _LMBTOMSX-463 | ‘SEB | 

4.00 ee aes 

3.08 ~ $88 

2.93 : 





Custom voltages and improved accuracies are available, subject to minimum orders. Contact your local National Semiconductor Sales Office for information. 


Pin Description 


[NAME | FUNCTION 
Ground reference" : 


a RESET (LM809) Active-low output. RESET remains low while Voc is below the reset threshold 
2 

























, and 
for 240ms after Vcc rises above the reset threshold... - 7 


RESET (LM810) Active-high output. RESET remains high while Vcc is below the reset threshold, and 
ee "3 for 240ms after Voc rises above the reset threshold. bes, 9s 7; 


Supply Voltage (+5V, +3.8V, of 43.0V) 
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National Semiconductor 


LM2601 
Adapter Interface Circuit 


General Description 


The Adapter Interface Circuit (AIC) is used to sense the 
presence of an external power source for a portable com- 
puter. It notifies the computer if a source is present and indi- 
cates if the source is appropriate for charging battery packs 
inside the computer. The AIC also senses current thresholds 
and signals the computer when these thresholds are ex- 
ceeded. 


AIC Block Diagram 


. Peak Direction 
VADAPTER Sense Sense Backfeed 


ane 
ee 


on, uD > 


2.5V 


Connection Diagram 


Features 
@ Wide input range: 5V - 24V 
m™ Low leakage current: 1 UA typical 
m Available in TSSOP-14 package 


Disconnect 


OO 


TSSOP-14 


MPS DELAY Lo 

MASTER POWER SOURCE Low 
ADAPTER ENABLE Ld 
ADAPTER PRESENT Louw 
CHARGER PRESENT Louw 
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14 


pee! VAD APTER 
mJ PEAK SENSE 


a DIRECTION SENSE 


eed BACKFEED 
eed DISCONNECT 


DS101309-2 


Adapter 
Enable 


o, 


o 


Master 
Power 
Source 


MPS 
Delay 


Charger 
Present 


Adapter 
Present 


DS101309-1 
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LOSCIN' 


LM2601 


Ordering Information 


Order Number 
LM2601MTC 
LM2601MTCX 


Pin Description 


MPS DELAY 


ADAPTER 
ENABLE 


ADAPTER 
PRESENT 
CHARGER 
PRESENT 


Pin No. 
1 
2 


S 


or 


13 
14 
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DISCONNECT 


BACKFEED 


DIRECTION 


SENSE 
PEAK SENSE 


VADAPTER 


: 





ae Package Type ___ Supplied As* 
fF MTCI4 TSSOP-14 Rail (94 Units/Rail) 


MTC14 TSSOP-14 Tape and Reel (2500. 
Units/Reel) — _ 


* Partial Rails are available, there is no minimum order quantity. Tape and Reel is supplied as full reels only. . 


Function i 
A capacitor between this pin and ground sets. the delay of the MPS risetime. 


Bi-directional logic pin. If driven high by an external source, indicates external source is 
driving the power buss. If driven high by the AIC, indicates the adapter is powering the 
buss. . | 


Logic input pin. Grants permission to the adapter to drive both the power buss and the 
MPS signal. | 


Logic output pin. High when 12 volts < Vapapter < 17 volts. 
Logic output pin. High when Vapaprer > 17 volts. — 

IC ground pin. 

Drives the gate of the disconnect FET. 


Drives the gate of the backfeed FET. 
Connection for current sense resistor to control BACKFEED. 


Connection for current sense resistor to control DISCONNECT. 
Power input pin. Output of AC adapter, auto adapter or airline adapter. 
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National Semiconductor 





LM3411 
Precision Secondary Regulator/Driver 


General Description other types of voltage regulators or power semiconductors to 
provide a precision output voltage without precision resistors 
The LM3411 is a low power fixed-voltage (3.3V or 5.0V) pre- 6 trimming. 


cision shunt regulator designed specifically for driving an op- 
toisolator to provide feedback isolation in a switching regula- 
aes Features 


The LM3411 circuitry includes an internally compensated op 
amp, a bandgap reference, NPN output transistor, and volt- 
age setting resistors. 


A trimmed precision bandgap reference with temperature ide 
drift curvature correction, provides a guaranteed 1% preci- | % Low temperature coefficient 
sion over the operating temperature range (A grade version). ™ Available in 5-lead SOT23-5 surface mount package 
The amplifier’s inverting input is externally accessible for (tape and reel) 
loop frequency compensation when used as part of a larger : 
servo system. The output is an open-emitter NPN transistor Applications 

| 


capable of driving up to 15 mA of load current. Secondary controller for isolated DC/DC PWM switching 


m Fixed voltages of 3.3V and 5.0V with initial tolerance of 
+1% for standard grade and +0.5% for A grade 

= Custom voltages available (8V-17V) 

m@ Wide output current range, 20 uA—15 mA 


Because of its small die size, the LM3411 has been made regulators systems 

available in the sub-miniature S-lead SOT23-5 surface  m Use with LDO regulator for high-precision fixed output 
mount package. This package is ideal for use in space criti- regulators 

cal appIeatons: oe Precision monitoring applications 

Although its main application is to provide a precision output m= Use with many types of regulators to increase precision 
voltage (no trimming required) and maintain very good regu- and improve performance 


lation in isolated DC/DC converters, it can also be used with 


Typical Application and Functional Diagram 


Vt 








Simplified Pulse 
Width Modulator 
(PWM) 
(Primary Side) 





Regulated 
utput Voitage 














Feedback 







Opto-isolator 


OUT 
) L'a 
I 
i} 


Basic Isolated DC/DC Converter 


DS011987-1 





(-) | GND, 52k for 3.3V 
94k for SV 
DS011987-2 


LM3411 Functional Diagram 
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LM3411 


Connection Diagrams and Order Information 


5-Lead Small Outline Package (M5) 


Actual Size 
+IN 4 5 OuT 
GND 2 DS011987-4 
+43 4 F— COMP 


DS011987-3 


*No internal connection, but should be soldered to PC board for best heat 
transfer. 


Top View 


For Ordering Information 
See Figure 7 in this Data Sheet 
See NS Package Number MFO5A 


Five Lead Surface Mount Package Marking 
and Order Information (SOT23-5) 


The small SOT23-5 package allows only 4 alphanumeric characters to identify the product. The table below contains the field in- 


formation marked on the package. | 
Inf i P 
7, Marking . 


A (Prime) LM3411AM5-3.3 DOOA 1000 unit increments on tape and reel 
A (Prime) LM3411AM5X-3.3 DOOA 3000 unit increments on tape and reel 






FIGURE 1. SOT23-5 Marking and Order Information 


The first letter “D” identifies the part as a Driver, the next two numbers indicate the voltage, “OO” for 3.3V part and “01” for a 5V 
part. The fourth letter indicates the grade, “B” for standard grade, “A” for the prime grade. 

The SOT23-5 surface mount package is only available on tape in quantities increments of 250 on tape and reel (indicated by the 
letters “M5” in the part number), or in quantities increments of 3000 on tape and reel (indicated by the letters “M5xX” in the part 
number). 
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LM3812/LM3813 


National Semiconductor 


CLSEW V/CLSENy 


Precision Current Gauge IC with Ultra Low Loss Sense 


Element and PWM Output 


General Description 


The LM3812/LM3813 Current Gauges provide easy to use 
precision current measurement with virtually zero insertion 
loss (typically 0.004Q). The LM3812 is used for high-side 
sensing and the LM3813 is used for low-side sensing. 


A Delta Sigma analog to digital converter is incorporated to 
precisely measure the current and to provide a current aver- 
aging function. Current is averaged over 50 msec time peri- 
ods in order to provide immunity to current spikes. The ICs 
have a pulse-width modulated (PWM) output which indicates 
the current magnitude and direction. The shutdown pin can 
be used to inhibit false triggering during start-up, or to enter 
a low quiescent current mode. 

The LM3812 and LM3813 are factory-set in two different cur- 
rent options. The sense range is —1A to +1A or —7A to +7A. 
The sampling interval for these parts is 50ms. If faster sam- 
pling is desired, please refer to the data sheets for the part 
numbers LM3814 and LM3815. 


Connection Diagrams 


Yop ay, 
SENSE+ —]! ST ene 
SENSE- == 2 7 F— GND 
FLIR+ —4 3 6 = PWM 
FLTR- —4 4 5>— SD 
DS100122-1 

Top View 

LM3812 


for High-Side Sensing 
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Key Specifications 

@ Ultra low insertion loss (typically 0.0049) 

m@ 2V to 5.25V supply range 

@ +2% accuracy at room temperature (includes accuracy 
of the internal sense element) (LM3812-1.0, 
LM3813-1.0) 

m@ Low quiescent current in shutdown mode (typically 
2.5 yA) 

= 50 msec sampling interval 


Features 


# No external sense element required 

PWM output indicates the current magnitude and 
direction 

PWM output can be interfaced with microprocessors 
Precision AX current-sense technique 

Low temperature sensitivity 

Internal filtering rejects false trips 

Internal Power-On-Reset (POR) 


Applications 


™ Battery charge/discharge gauge 

® Motion control diagnostics 

m Power supply load monitoring and management 
m™ Resettable smart fuse 


SENSE+ \_/) : 

GND 1! 8 DD 
SENSE~ —4 2 7 = GND 
FLTR+ —43 6 fF PWM 

FLTR- —4 5 = sp) 
DS100122-3 

Top View 
LM3813 


for Low-Side Sensing 
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LM3812/LM3813 























NS 
Package 
Number* 





Ordering Information 
Sensing 


Order No.* Sense | Sampling Package 
Range Interval* Method Type Supplied As: 


(MaBiawa.0 | 1A | s0ms | High-side | Moea | S08 | 0Sunflsin Ralls 
[MGBI2MX1.0 | #1A | 50 me | Highside | MOA | S0-8 | 25k ule on Tape and Reol_ 
iMaBq2N-7.0 
LM3812MX-7.0 | +7A | 50ms_ | High-side | MO8A -| SO-8 | 2.5k units on Tape and Reel 
iMaB19N-1.0 
+1 
+7 









> 


> 





> 










> 


LM3813MX-1.0 | #1A | 50ms_ | Low-side | MO8A | SO-8 _| 2.5k units on Tape and Reel 
uwasrav-70 | a7A_| S0ms | Lowside | MOA | S0-8 | 95uniisin Ralls 
LM3813MX-7.0 ‘Low-side MO8A 2.5k units on Tape and Reel 


* Suffix M indicates that the part is available in Surface Mount package. Suffix X indicates that the part is available in 2.5k units 
on Tape and Reel. 


* Current is sampled over a fixed interval. The average current during this interval is indicated by the duty cycle of the PWM output 
during next interval. | 


* The Package code MO8A is internal to National Semiconductor and indicates an 8-lead surface mount package, SO-8. 


Pin Description (High-Side, LM3812) 


Pin 


> 


Function 

SENSE+, Vop High side of internal current sense, also supply voltage. 
SENSE- Low side of internal current sense. 

FLTR+ Filter input — provides anti-aliasing for delta sigma modulator. 
FLTR- Filter input. 


Shutdown pin. Connected to Vpp through a pull up resistor for normal operation. 
When low, the IC goes into a low current mode (typically 3 yA). 


W PWM output indicates the current magnitude and direction. 
GND | | Ground 
8 GND Ground 


162) 
0 


©) 
TU 


oy; BR) osm] — 


“J 


Pin Description (Low-Side, LM3813) 


Pin |\Name Function 
1 High side of internal current sense, also ground. 
2 Low side of internal current sense. 
3 Filter input — provides anti-aliasing for delta sigma modulator. 
4 Filter input. | 
5 Shutdown pin. Connected to Vpp through a pull up resistor for normal operation. 
| When low, the IC goes into a low current mode (typically 3 UA). 
6 PWM output indicates the current magnitude and direction. 
7 Ground 
8 Vop | Vop (supply) 
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LM3814/LM3815 


National Semiconductor 


SLSEWTV/PLSEWT 


Fast Current Gauge IC with Ultra Low Loss Sense 


Element and PWM Output 


General Description 


The LM3814/LM3815 Current Gauges provide easy to use 
precision current measurement with virtually zero insertion 
loss (typically 0.004Q). The LM3814 is used for high-side 
sensing and the LM3815 is used for low-side sensing. 


A Delta Sigma analog to digital converter is incorporated to 
precisely measure the current and to provide a current aver- 
aging function. Current is averaged over 6 msec time peri- 
ods in order to provide immunity to current spikes. The ICs 
have a pulse-width modulated (PWM) output which indicates 
the current magnitude and direction. The shutdown pin can 
be used to inhibit false triggering during start-up, or to enter 
a low quiescent current mode. 


The LM3814 and LM3815 are factory-set in two different cur- 
rent options. The sense range is -1A to +1A or -7A to +7A. 
The user specifies a particular part number to match the cur- 
rent range for a given application. The sampling interval for 
these parts is 6ms. If larger sampling interval is desired for 
better accuracy, please refer to the data sheets for the part 
numbers LM3812 and LM3813. 


Connection Diagrams 


Vp ay, 

SENSE+ ~] 2 ga 
SENSE- == 2 7 = GND 
FLIR+ 43 6 f= PWM 
FLTR~ =a 4 5 SD 
DS101013-1 

Top View 
LM3814 


for High-Side Sensing 


Key Specifications 

m Ultra low insertion loss (typically 0.004&2) 

m@ 2V to 5.25V supply range 

m +3.5% accuracy at room temperature (includes 
accuracy of the internal sense element) (LM3814-1.0, 
LM3815-1.0) 

m@ Low quiescent current in shutdown mode (typically 2.5 
HA) 

=™ 6 msec sampling interval 


Features 


m™ No external sense element required 


= PWM output indicates the current magnitude and 
direction 


= PWM output can be interfaced with microprocessors 
m Precision AZ current-sense technique 

m™ Low temperature sensitivity 

m internal filtering rejects false trips 

m™ Internal Power-On-Reset (POR) 


Applications 

m™ Battery charge/discharge gauge 

™ Motion control diagnostics 

m Power supply load monitoring and management 
m= Resettable smart fuse 


ENN = 8 T= Yop 
SENSE- =| 2 7 J GND 
FLTR+ —4 3 6 f— PWM 
FLTR- = 4 5 = SD 
DS101013-3 
Top View 
LM3815 


for Low-Side Sensing 
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LM3814/LM3815 


Ordering Information 









































Order No.* Sense Sampling Sensing NS Package Supplied As: 
ee Interval* Method Package 
Number* | 

wssiavt.o | ta | 6ms | Highside | MOBA | SOS | @buntsinRals 
jumssiawx10 | 21a | 6ms | High-side | MO8A_| _SO-8 _| 2.6k units on Tape and Reel | 
High-side 
IA 
Low-side 





* Suffix M indicates that the part is available in Surface Mount package. Suffix X indicates that the part is available in 2.5k units 
on Tape and Reel. 


* Current is sampled over a fixed interval. The average current during this interval is indicated by the duty cycle of the PWM output 
during next interval. | 


* The Package code MO8A is internal to National Semiconductor and indicates an 8-lead surface mount package, SO-8. 


Pin Description (High-Side, LM3814) 


1 SENSE+, Vpp High side of internal current sense, also supply voltage. 

2 SENSE- Low side of internal current sense. 

3 FLTR+ Filter input — provides anti-aliasing for delta sigma modulator. 

4 Filter input. 

5 Shutdown pin. Connected to Vpp through a pull up resistor for normal operation. 
When low, the IC goes into a low current mode (typically 3 yA). . 

6 PWM output indicates the current magnitude and direction. 

7 Ground 

8 GND Ground 


Pin Description (Low-Side, LM3815) 


1 SENSE+, GND High side of internal current sense, also ground. 

2 SENSE- . Low side of internal current sense. 

3 Filter input — provides anti-aliasing for delta sigma modulator. 

4 Filter input. 

5 Shutdown pin. Connected to Vpp through a pull up resistor for normal operation. 
When low, the IC goes into a low current mode (typically 3 pA). 

6 PWM PWM output indicates the current magnitude and direction. 

7 Ground 

8 Vop Vop (Supply) 
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LM3822 


National Semiconductor 


CCSEW 1 


Precision Current Gauge IC with Internal Zero Ohm 
Sense Element and PWM Output 


General Description 


The LM3822 Current Gauge provides easy to use precision 
current measurement with virtually zero insertion loss (typi- 
cally 0.00322). The LM3822 is used for high-side sensing. 


A Delta Sigma analog to digital converter is incorporated to 
precisely measure the current and to provide a current aver- 
aging function. Current is averaged over 50 msec time peri- 
ods in order to provide immunity to current spikes. The ICs 
have a pulse-width modulated (PWM) output which indicates 
the current magnitude and direction. The shutdown pin can 
be used to inhibit false triggering during start-up, or to enter 
a low quiescent current mode. 

The LM3822 is factory-set in two different current options. 
The sense range is —1.0A to +1.0A or —2.0A to +2.0A. The 
sampling interval for this part is 50ms. If faster sampling is 
desired, please refer to the data sheet for the part number 
LM3824. 


Connection Diagram 


Key Specifications 

m Ultra low insertion loss (typically 0.0039) 

m 2V to 5.5V supply range 

™@ +2% accuracy at room temperature for the 1A device 
(includes accuracy of the internal sense element) 

m Low quiescent current in shutdown mode (typically 
1.8 pA) 

m= 50 msec sampling interval 

m= In MSOP-8 Package 


Features 


m™ No external sense element required 

m= PWM output indicates the current magnitude and 
direction 

PWM output is easily interfaced with microprocessors 
and controllers 

Precision AX current-sense technique 

Low temperature sensitivity 

Internal filtering rejects false trips 

Internal Power-On-Reset (POR) 

DC Offset is less than 1 mA for 1A part 


Applications 


m™ Battery charge/discharge gauge 

@ Motion control diagnostics 

m Power supply load monitoring and management 
m Resettable smart fuse 


Vop ay, 
GND 42 7 PWM 
FLTR+ 43 6 F— TEST (GND) 
FLTR- = 4 5/— sp 
DS101249-1 
Top View 


LM3822 for High-Side Sensing 
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LM3822 


Ordering Information 


Sense | Samplin Sensin, NS | — 
Order No.” ping g Package Package Supplied As: 
Range Interval* Method 
Number Type 


LM3822MM-1.0 +1.0A High-side MUA08A MSOP-8 | Tape and Reel 7. 
: 7 : (1000 units/reel) | 


LM3822MMX-1.0 £1.0A 50 ms High-side MUA08A MSOP-8 | Tape and Reel | 
| en (3500 units/reel) as 


LM3822MM-2.0 +2.0A MUA08A MSOP-8 | Tape and Reel 
| (1000 units/reel) 
LM3822MMX-2.0 | +2.0A High-side MUAO08A {| MSOP-8 | Tape and Reel 
a (3500 units/reel) | 


* Current is sampled over a fixed interval. The average current during this interval is indicated by the duty cycle of the PWM output 
during next interval. 


Pin Description (High-Side, LM3822) 





Function 


Pin [| Name 

1 High side of internal current sense, also supply voltage. 

2 Supply Ground, 

3 Filter input — provides anti-aliasing for delta sigma modulator. 

4 Filter input. 

5 Ss Shutdown input. Connected to Vpp through a pull-up resistor for normal operation. 
When low, the LM3822 is put into a low current mode. | 

6 Connect to GND for normal operation. 

7 Digital output indicates the current magnitude and direction. 

8 | SENSE- ——~—_| Lowside of internal current sense. 
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National Semiconductor 





LM3824 
Precision Current Gauge IC with Internal Zero Ohm 
Sense Element and PWM Output 


General Description Key Specifications 


The LM3824 Current Gauge provides easy to use precision ™ Ultra low insertion loss (0.0032) 
current measurement with virtually zero insertion loss (typi- ™ 2V to 5.5V supply range 


cally 0.003Q). The LM3824 is used for high-side sensing. m +3% accuracy at room temperature for the 1A device 
A Delta Sigma analog to digital converter is incorporated to (includes accuracy of the internal sense element) 
precisely measure the current and to provide a current aver- ™ Low quiescent current in shutdown mode 

aging function. Current is averaged over 6 msec time peri- (typically 1.8 pA) 


ods in order to provide immunity to current spikes. The ICs == 6 msec sampling interval 
have a pulse-width modulated (PWM) output which indicates = in MSOP-8 Package 

the current magnitude and direction. The shutdown pin can 

be used to inhibit false triggering during start-up, or to enter 

a low quiescent current mode. Features 


The LM3824 is factory-set in two different current options. m No externa aia plement feduired 
The sense range is -1.0A to +1.0A or -2.0A to +2.0A. The PWM output indicates the current magnitude and 


sampling interval for this part is 6ms. If a more precise mea- direction . _ a 
surement is required, please refer to LM3822 datasheet. = PWM output is easily interfaced with microprocessors 
and controllers 


Precision AZ current-sense technique 
Low temperature sensitivity 

Internal filtering rejects false trips 
Internal Power-On-Reset (POR) 

DC Offset is less than 8 mA for 1A part 


Applications 

m™ Battery charge/discharge gauge 

= Motion control diagnostics 

m™ Power supply load monitoring and management 


m Resettable smart fuse 14 


Connection Diagram 


Vop ay, 
SENSE+ 1! 8 b— SENSE- 
GND —4 2 7 = PWM 
FLTR+ 4 3 6 P— TEST (GND) 
FLTR- —4 4 5; Sb 
DS200007-1 
Top View 


LM3824 for High-Side Sensing 
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LM3824 


Ordering Information | 


Sense Samplin Sensin bes 
Order No.” | at g Package Package Supplied As: 
Range interval* Method 
Number Type 




















LM3824MM-1.0 +1.0A High-side MUA08A MSOP-8 | Tape and Reel 
PERN [AN | ee Berets | meron | meer unmatoay 
LM3824MMX-1.0 ~+£1.0A High-side | MUAO08A MSOP-8 | Tape and Reel 
| (3500 units/reel) 
LM3824MM-2.0 +2.0A High-side MUA08A MSOP-8 | Tape and Reel 
(1000 units/reel) 
LM3824MMX-2.0 +2.0A High-side MUAO08A MSOP-8 | Tape and Reel 
; (3500 units/reel) 


* Current is sampled over a fixed interval. The average current during this interval is indicated by the duty cycle of the PWM output 
during next interval. 


Pin Description (High-Side, LM3824) 


Pin | Name Function 

High side of internal current sense, also supply voltage. 
Supply Ground. 

Filter input — provides anti-aliasing for delta sigma modulator. 
Filter input 
PWM 





O17, By} OM] — 


0) 


Shutdown input. Connected to Vpp through a pull-up resistor for normal operation. 
When low, the LM3824 is put into a low current mode. 


TEST Connect to GND for normal operation. 


|}PWM ss Digital output indicates the current magnitude and direction. 
SENSE- Low side of internal current sense. 


OTN 
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LMC6953 


National Semiconductor 


ES69OWT 


PCi Local Bus Power Supervisor 


General Description 


The LMC6953 is a voltage supervisory chip designed to 
meet PCI (Peripheral Component Interconnect) Specifica- 
tions Revision 2.1. It monitors 5V and 3.3V power supplies. 
In cases of power-up, power-down, brown-out, power failure 
and manual reset interrupt, the LMC6953 provides an active 
low reset. RESET holds low for 100 ms after both 5V and 
3.3V powers recover, or after manual reset signal returns to 
high state. The external capacitor on pin 8 adjusts the reset 
delay. 

This part is ideal on PCI motherboards or add-in cards to en- 
sure the integrity of the entire system when there is a fault 
condition. The active low reset sets the microprocessor or lo- 
cal device in a known state. 

The LMC6953 has a built-in bandgap reference that accu- 
rately determines all the threshold voltages. The internal re- 
set delay circuitry eliminates additional discrete components. 


Typical Application Circuits 


On Mother Board 


POWER 
SUPPLY 


PWR_GND 





DS012846-23 


14-19 


Features 

= Compliant to PCI specifications revision 2.1. 

@ Under and over voltage detectors for 5V and 3.3V 
= Power failure detection (5V falling under 3.3V by 
300 mV max) 

Manual reset input pin 

Guaranteed RESET assertion at Vpp = 1.5V 
Integrated reset delay circuitry 

Open drain output 

Adjustable reset delay 


Response time for over and under voltage detection: 
490 ns Max 


Power failure response time: 90 ns Max 
Requires minimal external components 


Applications 
m Desktop PCs 

m PCl-Based Systems 
m Network servers 


On Add-in Cards 


FROM POWER DEVICE 


ON BOARD 


SUPPLY LINES 


RESET FROM 
PCI BUS 





DS012846-24 
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LMC6953 


Connection Diagram 


8—Pin SO 
r YD 
Yop 1! 8 Cey7 
SV 2 7 I RESET 
3.3V—43 6-—GND 
MR = 4 5 = PWR_GND 
pes DS012846-2 
Top View 


Ordering Information 
Package Industrial Temp Range Supplied 
| -40°C to +85°C As 
Small 
Outline | LMC6953CMX 2.5k Tape 
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AY national Semiconductor 


LP3470 
Tiny Power On Reset Circuit 


General Description m Custom Reset Threshold Voltages: For other voltages 
; between 2.4V and 5.0V contact your National 
The LP3470 is a micropower CMOS voltage supervisory cir- Semiconductor representative 


cuit designed to monitor power supplies in microprocessor 
(uP) and other digital systems. It provides maximum adjust- 
ability for power-on-reset (POR) and supervisory functions. It 
is available in the following six standard reset threshold volt- 
age (Var) options: 2.63V, 2.93V, 3.08V, 4.00V, 4.38V, and Features 

4.63V. If other voltage options between 2.4V and 5.0V are m™ Tiny SOT23-5 Package 
desired please contact your National Semiconductor repre- = Open Drain Reset Output 


sentative. = Programmable Reset Timeout Period Using an External 
The LP3470 asserts a reset signal whenever the Voc supply Capacitor 

voltage falls below a reset threshold. The reset time-out pe- == Immune to Short Vg Transients 

riod is adjustable using an external capacitor. Reset remains < 

asserted for an interval (programmed by an external capaci- H H 

tor) after Voc has risen above the threshold voltage. Applications 


The device is available in the tiny SOT23-5 package. 


m Very Low Quiescent Current (16 pA typical) 
™ Guaranteed Reset valid down to Vo>=0.5V 








@ Critical uP and uC Power Monitoring 
= Intelligent Instruments 
= Computers 


Key Specifications m Portable/Battery-Powered Equipments 


m +1% Reset Threshold Accuracy Over Temperature 


m Standard Reset Threshold Voltages: 2.63V, 2.93V, 
3.08V, 4.00V, 4.38V, and 4.63V 


Pin Configuration and Basic Operating Circuit 


Pin Configuration 


Basic Operating Circuit 






Voc 







Voc1 
LP3470 





DS100016-2 


Top View 
See NS Package Number C 
MFO5A 


DS100016-1 
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LP3470 


Ordering Information 





pperaiing Order nominal Package Package : 
Temperature Vatu (V) eae ae Supplied As 
Range 
1000 Units on Tape and Rel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
[EPssromsx20s | 203 ‘| 268 | __SOT25 | 8000 Units on Tape and Real 
1000 Units on Tape and Reel 
-20°C to SOT23-5 3000 Units on Tape and Reel 
+85°C 1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
fupaa7oms-498 [| 438 | D308 | __SOT285 _| 1000 Units on Tape and Rea! 
8000 Units on Tape and Ree! 
1000 Units on Tape and Reel 
3000 Units on Tape and Res! 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Ree 
8000 Units on Tape and Ree! 
1000 Units on Tape and Ree! 


4070 0 3000 Units on Tape and Reel 
185°C 1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Ree 
2000 Units on Tape and Reel 
1000 Units on Tape and Ree 
3000 Units on Tape and Ree 
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National Semiconductor 


Voltage Reference Selection Guide 


Low Dropout Voltage References 





Voltage 
Output eviews Tolerance 
Voltage Max, 


Ta= 25°C 


Temperature Drift 


= 
LM10B +2.5% 20 typ |-25°Cto+85°C | 0.01% 0.27 
LM10C 30 typ 0.01% 0.30 
1.024 | LM4140B-1.0 1 8mA 230 
LM4121Al-1.2 50 0.01 160 
LM41211-1.2 50 0.01 160 
1.250 | LM4140A-1.2 3 1 8mA 230 
iMai40B-1.2 : 200 
1.250 |LM4121AI-ADJ} 0.2% | 50 {-40°Cto+85°C| 0.01 +5mA 160 
(Adj.) | LM41211-ADJ 50 0.01 160 
100 [LM4120AN-1.8 50 0.04 160 
LM41201-1.8 50 0.04 160 
LM4120AI-2.0 50 |-40°C to +85°C | 0.04 160 
LM4120I-2.0 | 05% | 50 |-40°Cto+85°C| 0.04 160 
iMaig0Dr2.0 20 22 50 
LM4140B-2.0 | 0.1% | 1 BmA 230 
LM4140C-2.0 10 1 BmA 230 
LM4120AI-2.5 50 0.04 | +5mA_ | 50 
LM41201-2.5 50 0.04 50 






BPINY4 UOI}DEIJES soUSJEJOY oHeI]O/A 










Quiescent 
Current (pA) 


Load Reg. 
%/IMA 


Output 
Current 





++ 


0.2 (Adj) 


“FE 





LM4130BI-2.5 10 | -40°C to +85°C 25 50 
veg (EMAIB0C-2.5 4c to +850] 25 50 
5° Tiwa1300-2.5 4° to +856 | 25 50 
LM4140A-2.5 0.1% 3 0°C to 70°C 1 230 
LM4140B-2.5 01% | 6  |0°Cto 70°C 8mA 230 
iMai40G-28 Toto 70 230 
wy [umaiz00ra.3 “4070 to ¥85°C 160 
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Low Dropout Voltage References (Continued) 





Voltage Reference Selection Guide 








Voltage Temperature Drift | 
Output Tolerance Load Reg. Output Quiescent 
/° 
Voltage | pa Cr eee Range %/mA Current Current (WA) 
— Ta= 25°C ( ax) | 
iMaiaoarat | 02% | 60 |= 0w SC 160 
imata0rat | ose | 50 | 40°C 0 85 160 
iMateoAi-et | 005% | 10 [00 185°C s 
imataoaiat [02% | 10 | -40'G 0 85°C z 
vocq [Ematz0ci4t] — 0.1% | 20] -40'6 10 185°C sc 
4.096 : 
°° Teware0ora1 | —oa% | 20 [40°10 485°C 50 
imatenei4t| os% | ao |-40;01 +a] 16 | 20ma | 60 
imaiaoaai | 01% | 3 [ocw700 230 
imataop41 [0.1% | 6 jocw7e | 5 | ama | 280 
ivaiaac-4t | 01% | 10 [oc w70 230 
24 cio 
iMa{0A6. [so [-40°6 101886 160 


+Reference has on-board Op Amp. - 


Shunt References 


Reverse 
Breakdown 
Voltage (Vp) 


LM4041Cl-1.2 
LM4041DI-1.2 
LM4041El-1.2 
LM4041CE-1.2 
LM4041DE-1.2 
LM4041EE-1.2 
LM4051Al-1.2 
LM4051BI-1.2 
LM4051Cl-1.2 
LM113-2 


1.225* 


LM113-1 


1.22 
LM113 


LM313° 


aoe BS pa 
i =< 
B15 
A] AR 
pee 2 9 
ook Pg 
Bey ere 
ho | do 
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Voltage 
Tolerance Max, 





Temperature Drift 


ppm/C Over Range 
(Max) 


100 


150 | -40°C to +85°C 
150 | -40°C to +85°C 


-40°C to +125°C 


150 -—40°C to +125°C 
150 -40°C to +125°C 


15-4 


Operating 
Current Range, 





(Typ) 7 


Output 
Dynamic 


_ Impedance 


Q (Typ) 
1.5 Max 
1.5 Max 
1.5 Max 
2.0 Max 
2.0 Max 
1.5 Max 
1.5 Max 
2.0 Max 
0.3 
0.3 
0.3 
1.0 Max 


1.0 Max 
1.0 Max 


1.0 Max 








< 

Shunt References (continued) = 

Ve} 

Reverse Voltage Operating Sutput ud 

Breakdown Tolerance Max, ppm/C Over Range Current Range, pypamic Q 

Q (Typ) 2 

i 3 

i i, 

i = 

1.2385 i 2 
i 
150 
150 03 
rag) LeMeesBy | 1% —*(| 80 (| -a0'Ctov85C | 1OuAto20mA | 0.3 
150 2.0 
2.0 
ar ea 100 2.0 
2.0 
Pimaosicraby | #0.1% | 80 | -40°Cto+e5'C | COAto 12mA | _20 

(adj) 129 0.25 

02 
150 02 
THimersam [206% (| —80_—~+| BSC to +1250 | 1eyAtotoma | 02 
Pfimeram | = 20% ~+| 150 | -S5'Cto+125'C | 1eyAtotOmA | 02 
124toea [LMersAl | 206% | 80 | -0"Cto+85C | tevAtotomA | 02 
(Adi 02 
150 02 
02 
02 
0.4 
— 0.4 
0.4 
04 
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Voltage Reference Selection Guide 


Shunt References (Continued) 











Output 





Reverse Voltage | Temperature Drift Operating 
ae . Dynamic 
Breakdown Tolerance Max, ppm/C Over Range Current Range, Impe dance 

Voltage (V Ta= 25°C Max : ad 
g (Va) A (Max) Q (Typ) 


-40°C to +85°C 65uA to 15mA | 0.8 Max 
-40°C to +85°C 65uA to 15mA 0.8 Max 


LM4040AI-2.5 
LM4040BI-2.5 
LM4040CI-2.5 
LM4040DI-2.5 
LM4040E12.5 | +2.0% | 150 | -40°C to +85°C 
LM4040CE-2.5 -40°C to +125°C 0.8 Max 


LM4040DE-2.5 -40°C to +125°C | 65yA to 15mA 0.9 Max 
-40°C to +125°C 65yA to 15mA 


-40°C to +85°C 65uA to 15mA 0.8 Max 

| LM4040EE-2.5 1.1 Max 
—40°C to +85°C 60yA to 15mA 0.3 

: -40°C to +85°C | 60UA to 15mA 0.3 


40°C to +85°C 65yA to 15mA 0.9 Max 


1.1 Max 


Nn 
Ol 
* 


| 100 } 
#0, | 100 
_| 150 
at | 
LM4050A-2.5 
LM4050B-2.5 
Lm4050c-2.5 | +05% | -40°C to +85°C 0.3 
LM4431-2.5 0°C to +70°C 1.0 
+1 | 30] -55°C to +125°C 
iMoB5BX2.5 | 215% (a0 | a0 85S 
2.5 LM285-2.5 | 1.5% ~~ | 150 | -40°C to +85°C 
15% | 90 | oCw 470 
iMaB6-25 | 218% (| 180 [| UC W470 
LM385-2.5 +3% | 150 | 0°Cto+70°C 
LM431Cl | +0.5% | 55 | -40°C to +85°C 0.5 
LM431CC + 0.5% | 55 | O°C to +70°C 0.5 
ial 


25t036 | LM431Bl ~ -40°C to +85°C 1mA to 100mA 0.5 


-40°C to +85°C 20UA to 20mA 


ee ee 


(Adj) LM431BC 0°C to +70°C 1mA to 100mA 05 
LM43iAl ft 2% =~] 55 -40°C to 485°C 1mA to 100mA 0.75 
_LM431AC 0°C to +70°C 1mA to 100mA 0.75 

1.0 

0. 


100 
100 
150 
150 
100 
150 
150 
50 
50 
50 
30 
50 
150 | -55°C to +125°C 
30 
50 
150 
30 
50 
150 
150° 
150 
55 
55 
55 
55 
55 
55 


LM4040A-4.1 + 0.1% 40°C to +85°C 1.0 Max 
LM4040B-4.1 -40°C to +85°C 1.0 Max 
LM4040C-41 |  +0.5% | 100 | -40°C to +85°C 1.0 Max 
4,096" LM4040D-4.1__ -40°C to +85°C 1.3 Max 
LM4050A-4.1 


-40°C to +85°C 0.5 
iMa0508-<. 
LM4050C-4.1 -40°C to +85°C 0.5 
LM136A -55'C to +125°C 1.0 Max 

LM136 -55°C to +125°C 1.0 Max 

59 L_LM2S6A | #1% ~~ | 72 | -25°C to +85°C 1.0 Max 


-—40°C to +85°C 68uA to 15mA 0.5 


LM336B 0°C to +70°C 400HA to 10mA 1.4 Max 
0°C to +70°C -400yA to 10mA 1.4 Max 


+ 
LM236 -25°C to +85°C | 400uA to 10mA 1.0 Max 
(Maa6 
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Shunt References (Continued) 





Reverse Voltage Operating 
Breakdown om Tolerance Max, Current Range, 
Voltage (VR) Taz 25°C (Max) Irn 

50 


Fimaoaopis0 | #1.0% | 160 | A010 485° | 74uA to 15mA | 
iwacsoaso | 201% | 60 | -a0'Ct0 +85 | 74uAto 15mA | 
iMa0s0C-5.0 | 208% | 80 | -a0'C to 485° | T4UA to 15mA 
LMi2aA GOOUA to 16mA 

69 

- 

SIA to 15mA 

SIA to 15mA 

iMa0400-82 G6UA to 15mA 


8.192* 


iMA050A8.2 SIVA to 15mA 
iMa0508-6.2 SiUA to 15mA 
LM4040A-10.0 100pA to 15mA 
LM4040B-10.0 100pA to 15mA 
LM4040C-10.0 100pA to 15mA 
10.0 
Timaos0n-100 | 02% | 0 | -a0Ct0 +85 | 91uAto toma 
Fimaosoc-100 | 05% | 0 | a0 Cto +85 | 91uAto 16mA | 


*Available in SOT23-3 or SSOT23-3 Package. 

tLM611 has on-board Op Amp. 

TTtLM613 has on-board Dual Op Amp and Dual Comparator. 
+LM614 has on-board Quad Op Amp. 


: 
LM4050C-8.2 |  +05% | 50 | -40°C to +85°C 91UA to 15mA 


Current References 


All have an output current range of 2uA to 10mA, and an operating voltage range of 1V to 40V. 


Set Current Error 


Operating Temperature 








Output 
Dynamic 


Impedance 


Q (Typ) 
1.1 Max 
1.1 Max 
1.1 Max 
1.1 Max 
1.1 Max 
1.5 Max 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.8 
0.8 
0.8 
0.8 
0.5 
0.5 
0.5 
0.5 
1.5 Max 
1.5 Max 
1.5 Max 
1.9 Max 
0.6 
0.6 
0.6 
1.7 Max 
1.7 Max 
1.7 Max 
2.3 Max 
0.7 
0.7 
0.7 


Set Current 


mone | commun [age sae [mar | agen 
IE O.96T to O-04T 
iMaa4 0.96T to 0.1047 
iMaa4-3 0.987 100.1027 
LMa34-6 0.977 190.1037 
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Voltage Reference Selection Guide 


Current References (Continued) | 
All have an output current range of 2uA to 10mA, and an operating voltage range of 1V to 40V. 


Set Current Error 







Set Current 






Operating Temperature 


Device 2uA to 10uA to Temperature | 
Range 10pA nae Dependence* 





0.96T to 0.104T 


Foto 170 


* Set current changes linearly with temperature at a rate of 0.33%/"C. 


“Reference Grade” Voltage Regulators 


Please refer to the Low Dropout Regulators Selection Guide for many voltage regulators having a maximum voltage tolerance (at 
Ta= 25°C) of between +0.5% and +1.5%. 
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National Semiconductor 


LM10 


OLINT 


Operational Amplifier and Voltage Reference 


General Description 


The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and an 
independent, high quality op amp. 

The unit can operate from a total supply voltage as low as 
1.1V or as high as 40V, drawing only 270UA. A complemen- 
tary output stage swings within 15 mV of the supply termi- 
nals or will deliver +20 mA output current with +0.4V satura- 
tion. Reference output can be as low as 200 mV. 


The circuit is recommended for portable equipment and is 
completely specified for operation from a single power cell. 
In contrast, high output-drive capability, both voltage and 
current, along with thermal overload protection, suggest it in 
demanding general-purpose applications. 

The device is capable of operating in a floating mode, inde- 
pendent of fixed supplies. It can function as a remote com- 
parator, signal conditioner, SCR controller or transmitter for 


analog signals, delivering the processed signal on the same 
line used to supply power. It is also suited for operation ina 
wide range of voltage- and current-regulator applications, 
from low voltages to several hundred volts, providing greater 
precision than existing ICs. 


This series is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. In ad- 
dition, a low-voltage specification (suffix “L”) is available in 
the limited temperature ranges at a cost savings. 


Features 

m input offset voltage: 2.0 mV (max) 
@ input offset current: 0.7 nA (max) 
@ input bias current: 20 nA (max) 

m reference regulation: 0.1% (max) 
= offset voltage drift: 2uV/°C 

m reference drift: 0.002%/"C 


Connection and Functional Diagrams 


Metal Can Package (H) 


REFERENCE 
FEEDBACK 





REFERENCE ee 
OUTPUT 
OP AMP 
OUTPUT 
OP AMP 
INPUTS BALANCE 
= 
TOP VIEW 


DS005652-1 


Order Number LM10BH, LM10CH, 
LM10CLH or LM10H/883 
available per SMA# 5962-8760401 
See NS Package Number HO8A 


Dual-in-Line Package (N) 


REFERENCE 
OUTPUT 


REFERENCE 
FEEDBACK 


OP AMP 


INPUT (-) v’ 


OP AMP 
INPUT (+) 


OP AMP 
OUTPUT 


BALANCE 





TOP VIEW 


DS005652-15 


Order Number LM10CN or LM10CLN 
See NS Package Number NO8E 
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Small Outline Package (WM) 


NC NC 
NC NC 
REF OUTPUT REF FEEDBACK 
Op AMP INPUT(~) ag 
Op AMP INPUT (+) Op AMP OUTPUT 
v7 BALANCE 
NC NC 





DS005652-17 


Order Number LM10CWM or LM10CWMX 
See NS Package Number M14B 


REFERENCE 


BALANCE OUTPUT FEEDBACK 


V+ 


REFERENCE 


INPUTS OUTPUT 


REFERENCE 





V~ 
DS005652-16 
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LM129/LM329 


National Semiconductor 


LM129/LM329 
Precision Reference 


General Description | 
The LM129 and LM329 family are precision multi-current 


 temperature-compensated 6.9V zener references with dy- 


namic impedances a factor of 10 to 100 less than discrete di- 
odes. Constructed in a single silicon chip, the LM129 uses 
active circuitry to buffer the internal zener allowing the de- 
vice to operate over a 0.5 mA to 15 mA range with virtually 
no change in performance. The LM129 and LM329 are avail- 
able with selected temperature coefficients of 0.001, 0.002, 
0.005 and 0.01%/"C. These references also have excellent 
long term stability and low noise. 


Anew subsurface breakdown zener used in the LM129 gives 


_ lower noise and better long-term stability than conventional 


IC zeners. Further the zener and temperature compensating 
transistor are made by a planar process so they are immune 
to problems that plague ordinary zeners. For example, there 
is virtually no voltage shift in zener voltage due to tempera- 
ture cycling and the device is insensitive to stress on the 
leads. 

The LM129 can be used in place of conventional zeners with 
improved performance. The low dynamic impedance simpli- 
fies biasing and the wide operating current allows the re- 
placement of many zener types. 


Connection Diagrams 


Metal Can Package (T0—46) 


DS005714-6 
Pin 2 is electrically connected to case 


Bottom View 
Order Number LM129AH, LM129AH/883, LM129BH, 
LM129BH/883, LM129CH, LM329AH, LM329BH, 
LM329CH or LM329DH 
See NS Package H02A 


www.national.com 


The LM129 is packaged in a 2-lead TO-46 package and is 
rated for operation over a -55°C to +125°C temperature 
range. The LM329 for operation over 0°C to 70°C is available 
in both a hermetic TO-46 package and a TO-92 epoxy pack- 
age. 


Features 

0.6 mA to 15 mA operating current 

0.62. dynamic impedance at any current 

Available with temperature coefficients of 0.001%/"C 
7uV wideband noise 

5% initial tolerance 

0.002% long term stability 

Low cost : 

Subsurface zener 


Plastic Package (TO-92) 





DS005714-4 


Bottom View 
Order Number LM329BZ, 
LM329CZ or LM329DZ .. 
See NS Package Z03A 
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Typical Applications 


Simple Reference 
9V TO 40V 


Rg 


LM129 
6.9V 


DS005714-1 
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LM199/LM299/LM399/LM3999 





LM199/LM299/LM399/LM3999 


Precision Reference 


General Description 


The LM199 series are precision, temperature-stabilized 
monolithic zeners offering temperature coefficients a factor 
of ten better than high quality reference zeners. Constructed 
on a single monolithic chip is a temperature stabilizer circuit 
and an active reference zener. The active circuitry reduces 
the dynamic impedance of the zener to about 0.5Q and al- 
lows the zener to operate over 0.5 mA to 10 mA current 
range with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure gives 
low noise and excellent long term stability compared to ordi- 
nary monolithic zeners. The package is supplied with a ther- 
mal shield to minimize heater power and improve tempera- 
ture regulation. 


The LM199 series references are exceptionally easy to use 
and free of the problems that are often experienced with or- 
dinary zeners. There is virtually no hysteresis in reference 
voltage with temperature cycling. Also, the LM199 is free of 
voltage shifts due to stress on the leads. Finally, since the 
unit is temperature stabilized, warm up time is fast. 

The LM199 can be used in almost any application in place of 
ordinary zeners with improved performance. Some ideal ap- 
plications are analog to digital converters, calibration stan- 
dards, precision voltage or current sources or precision 
power supplies. Further in many cases the LM199 can re- 
place references in existing equipment with a minimum of 
wiring changes. 


Connection Diagrams 


Metal Can Package (TO-46) 


00m 
LH 
RG) + 


DS005717-14 
Top View 
LM199/LM299/LM399 (See Table on fourth page) 
NS Package Number H04D 
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National Semiconductor 


The.LM199 series devices are packaged in a standard her- 
metic TO-46 package inside a thermal shield. The LM199 is 
rated for operation from —55°C to +125°C while the LM299 is 
rated for operation from —25°C to +85°C and the LM399 is 
rated from 0°C to +70°C. 

The LM3999 is packaged in a standard TO-92 package and 
is rated from 0°C to +70°C 


Features 

= Guaranteed 0.0001%/"C temperature coefficient 

m Low dynamic impedance — 0.50 

m Initial tolerance on breakdown voltage — 2% 

m Sharp breakdown at 400 pA 

m Wide operating current — 500 pA to 10 mA 

m Wide supply range for temperature stabilizer 

m= Guaranteed low noise 

m Low power for stabilization — 300 mW at 25°C 

m Long term stability — 20 ppm 

m Proven reliability, low-stress packaging in TO-46 
integrated-circuit hermetic package, for low hysteresis 
after thermal cycling. 33 million hours MTBF at T, = 
+25°C (T, = +86°C) 

= Certified long term stability available 

@ MIL-STD-883 compliant 


Plastic Package TO-92 


DS005717-10 
Bottom View 


LM3999 (See Table on fourth page) 
NS Package Number Z03A 
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Functional Block Diagrams 


LM199/LM299/LM399 





DS005717-15 
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LM3999 






FPe@eaomoqewreoeoeesq 
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LM134/LM234/LM334 


National Semiconductor 


LM134/LM234/LM334 


3-Terminal Adjustable Current Sources 


General Description 


The LM134/LM234/LM334 are 3-terminal adjustable current 
sources featuring 10,000:1 range in operating current, excel- 
lent current regulation and a wide dynamic voltage range of 
1V to 40V. Current is established with one external resistor 
and no other parts are required. Initial current accuracy is 
+3%. The LM134/LM234/LM334 are true floating current 
sources with no separate power supply connections. In addi- 
tion, reverse applied voltages of up to 20V will draw only a 
few dozen microamperes of current, allowing the devices to 
act as both a rectifier and current source in AC applications. 


The sense voltage used to establish operating current in the 
LM134 is 64mV at 25°C and is directly proportional to abso- 
lute temperature (‘K). The simplest one external resistor 


| connection, then, generates a current with =+0.33%/"C tem- 


perature dependence. Zero drift operation can be obtained 
by adding one extra resistor and a diode. 

Applications for the current sources include bias networks, 
surge protection, low power reference, ramp generation, 








Connection Diagrams 


SO-8 
Surface Mount Package 





R v" y" yt 
DS005697-24 
Order Number LM334M or 
LM334MX 
See NS Package Number M08A 





LED driver, and temperature sensing. The LM234-3 and 
LM234-6 are specified as true temperature sensors with 
guaranteed initial accuracy of +3°C and +6°C, respectively. 
These devices are ideal in remote sense applications be- 
cause series resistance in long wire runs does not affect ac- 
curacy. In addition, only 2 wires are required. 

The LM134 is guaranteed over a temperature range of 
—55°C to +125°C, the LM234 from —25°C to +100°C and the 
LM334 from 0°C to +70°C. These devices are available in 
TO-46 hermetic, TO-92 and SO-8 plastic packages. 


Features 

m= Operates from 1V to 40V 

m 0.02%/V current regulation 

m= Programmable from 1pA to 10mA 

m True 2-terminal operation 

m Available as fully specified temperature sensor 
m@ +3% initial accuracy 


SO-8 Alternative Pinout 
Surface Mount Package 
NC NC 


TO-46 
NC NC Metal Can Package 
yt 
R v- 


DS005697-12 
DS005697-25 2 et 
V" Pin is electrically connected to case. 


Bottom View 
Order Number LM134H, 
LM234H or LM334H 
See NS Package 
Number H03H 


Order Number LM334SM or 
LM334SMX 
See NS Package Number MO8A 


TO-92 Plastic Package 
vt R vo 


DS005697-10 


Bottom View 
Order Number LM334Z, LM234Z-3 or LM234Z-6 
See NS Package Number Z03A 
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National Semiconductor 


LM136-2.5/LM236-2.5/LM336-2.5V 


Reference Diode 


General Description 


The LM136-2.5/LM236-2.5 and LM336-2.5 integrated cir- 
cuits are precision 2.5V shunt regulator diodes. These 
monolithic IC voltage references operate as a 
low-temperature-coefficient 2.5V zener with 0.2Q dynamic 
impedance. A third terminal on the LM136-2.5 allows the ref- 
erence voltage and temperature coefficient to be trimmed 
easily. | 

The LM136-2.5 series is useful as a precision 2.5V low volt- 
age reference for digital voltmeters, power supplies or op 
amp circuitry. The 2.5V make it convenient to obtain a stable 
reference from 5V logic supplies. Further, since the 
LM136-2.5 operates as a shunt regulator, it can be used as 
either a positive or negative voltage reference. 


The LM136-2.5 is rated for operation over -55°C to +125°C 
while the LM236-2.5 is rated over a -25°C to +85°C tem- 
perature range. 


Connection Diagrams 


TO-92 
Plastic Package 


ADJ + no 


LA 


DS005715-8 


Bottom View 
Order Number LM236Z-2.5, 
LM236AZ-2.5, LM336Z-2.5 or LM336BZ-2.5 
See NS Package Number Z03A 
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The LM336-2.5 is rated for operation over a 0°C to +70°C 
temperature range. See the connection diagrams for avail- 
able packages. 


Features 


= Low temperature coefficient 

m Wide operating current of 400 yA to 10 mA 
0.2Q dynamic impedance 

+1% initial tolerance available 

Guaranteed temperature stability 

Easily trimmed for minimum temperature drift 
Fast turn-on 

Three lead transistor package 


TO-46 
Metal Can Package 





DS005715-20 


Bottom View 
Order Number LM136H-2.5, 
LM136H-2.5/883, LM236H-2.5, 
LM136AH-2.5, LM136AH-2.5/883 
or LM236AH-2.5 
See NS Package Number H03H 
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LM136-2.5/LM236-2.5/LM336-2.5V 


Connection Diagrams (Continueq) 


Typical Applications 


www.national.com 


2.5V Reference 
5V 


2.5k 


2.5V 


LM136-2.5 


DS005715-9 


SO Package 
NC ADJ 





DS005715-12 


Top View 


_ Order Number LM236M-2.5, 
LM236AM-2.5, LM336M-2.5 


or LM336BM-2.5 


See NS Package Number M08A 


2.5V Reference with Minimum 


Temperature Coefficient 


5V 


2.5k 


LM336-2.5 


"Adjust to 2.490V 
“Any silicon signal diode 
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IN457* 


10KT 


1N457* 


DS005715-10 


Wide Input Range Reference 
Vin 3.5 ~ 40V 


LM334 


Vout = 2.5V 


LM336-2.5 


DS005715-11 
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LM136-5.0/LM236-5.0/LM336-5.0 
5.0V Reference Diode 


General Description 0°C to +70°C temperature range. See the connection dia- 
grams for available packages. For applications requiring 


The LM136-5.0/LM236-5.0/LM336-5.0 integrated circuits are 95 5y see LM136-2.5. 
precision 5.0V shunt regulator diodes. These monolithic IC 

voltage references operate as a low temperature coefficient , 

5.0V zener with 0.6Q dynamic impedance. A third terminal Features 

on the LM136-5.0 allows the reference voltage and tempera- = Adjustable 4V to 6V 

ture coefficient to be trimmed easily. m™ Low temperature coefficient 


The LM136-5.0 series is useful as a precision 5.0V low volt- = Wide operating current of 600 YA to 10 mA 
age reference for digital voltmeters, power supplies or op | 0.6Q dynamic impedance 

amp circuitry. The 5.0V makes it convenient to obtain a m + 1% initial tolerance available 

stable reference from low voltage supplies. Further, since m Guaranteed temperature stability 

the LM136-5.0 operates as a shunt regulator, itcanbe used Easily trimmed for minimum temperature drift 
as either a positive or negative voltage reference. = Fast turn-on 


The LM136-5.0 is rated for operation over -55°C to +125°C —sg_ Three lead transistor package 
while the LM236-5.0 is rated over a —-25°C to +85°C tem- 
perature range. The LM336-5.0 is rated for operation over a 


0°S-9EEINT/0'S-9ECIN1/0°S-9ELINT 


Connection Diagrams 


TO-92 
Plastic Package 


ADJ + oe 


LA 


DS005716-4 


Bottom View 
Order Number LM236AZ-5.0, LM336Z-5.0 or LM336BZ-5.0 
See NS Package Number Z03A 


TO-46 
Metal Can Package 








DS005716-5 


Bottom View 
Order Number LM136H-5.0, 
LM136H-5.0/883, LM236H-5.0, 
LIM136AH-5.0, LM136AH-5.0/883, 
or LM236AH-5.0 
See NS Package Number H03H 
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LM136-5.0/LM236-5.0/LM336-5.0 


Connection Diagrams (continued) 


SO Package 


+ NC NC ADJ 
ere f} 





NC NC NC - 
'DS005716-7 


Order Number LM336M-5.0 or LM336BM-5.0° 
See NS Package Number M08A 


Typical Applications — 


5.0V Reference — , §.0V Reference with Minimum | Trimmed 4V to 6V Reference 
10V Temperature Coefficient with Temperature Coefficient 
Independent of Breakdown Voltage 
5k 10V 
5.0V 
LM136-5.0 adage 
= : k ac : * 
pene M3365. wee LM336-5.0 CALIBRATE 


1N457" 





DS005716-3 





* Does not affect temperature coefficient 
DS005716-15 


+ Adjust to 5.00V 
* Any silicon signal diode 
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LM185/LM285/LM385 


National Semiconductor 


Adjustable Micropower Voltage References 


General Description 


The LM185/LM285/LM385 are micropower 3-terminal ad- 
justable band-gap voltage reference diodes. Operating from 
1.24 to 5.3V and over a 10UA to 20mMA current range, they 
feature exceptionally low dynamic impedance and good tem- 
perature stability. On-chip trimming is used to provide tight 
voltage tolerance. Since the LM185 band-gap reference 
uses only transistors and resistors, low noise and good 
long-term stability result. 


Careful design of the LM185 has made the device tolerant of 
capacitive loading, making it easy to use in almost any refer- 
ence application. The wide dynamic operating range allows 
its use with widely varying supplies with excellent regulation. 


The extremely low power drain of the LM185 makes it useful 

for micropower circuitry. This voltage reference can be used 

to make portable meters, regulators or general purpose ana- 

log circuitry with battery life approaching shelf life. Further, 

the wide operating current allows it to replace older refer- 
ences with a tighter tolerance part. 


Connection Diagrams 


TO-92 
Plastic Package 





DS005250-9 


Bottom View 


TO-46 
Metal Can Package 


6 e 


DS005250-1 


Bottom View 
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The LM185 is rated for operation over a -55°C to 125°C tem- 
perature range, while the LM285 is rated -40°C to 85°C and 
the LM385 0°C to 70°C. The LM185 is available in a hermetic 
TO-46 package and a leadless chip carrier package, while 


the LM285/LM385 are available in a low-cost TO-92 molded | 


package, as well as S.O. 


Features 

m= Adjustable from 1.24V to 5.30V 

@ Operating current of 10UA to 20mA 
mw 1% and 2% initial tolerance 

m 102 dynamic impedance 

m Low temperature coefficient 


SOIC Package 
+ NC NC FB 





NC NC NC > 
DS005250-10 


Top View 


20-Leadless Chip Carrier 





DS005250-15 


Top View 
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LM185/LM285/LM385 


Ordering Information 


Package Temperature Range | 
~55°C to 125°C ~40°C to 85°C 0°C to 70°C 














a 
LMissBH/883, | TCs 

ee | _LM185BH/883_ 

: uwi@sBYH | SSS~—~SSCSSSS~SYS 
LMissBYH/883— | TY 

7 ee ~LMS85BX2 

~ LM285BYZ LM385BYZ 
tooo (t(‘i id SBYZ oa 
, es LM38582 
a 
. LM285M LM385M 
nears ee an 
es LM386BM 
Carrier 


Block Diagram 


Typical Applications 


1.2V Reference 5.0V Reference 


1.24V 





DS005250-14 





DS005250-2 


R3 ) 
= 1.24(—+1 
VouT 124 (% 
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LM185-1.2/LM285-1.2/LM385-1.2 
Micropower Voltage Reference Diode 


General Description 


The LM185-1.2/LM285-1.2/LM385-1.2 are micropower 
2-terminal band-gap voltage regulator diodes. Operating 
over a 10 pAto 20 mA current range, they feature exception- 
ally low dynamic impedance and good temperature stability. 
On-chip trimming is used to provide tight voltage tolerance. 
Since the LM185-1.2 band-gap reference uses only transis- 
tors and resistors, low noise and good long term stability re- 
sult. 


Careful design of the LM185-1.2 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. 


The extremely low power drain of the LM185-1.2 makes it 
useful for micropower circuitry. This voltage reference can be 
used to make portable meters, regulators or general purpose 
analog circuitry with battery life approaching shelf life. 


Further, the wide operating current allows it to replace older 
references with a tighter tolerance part. 


Connection Diagrams 


T0-92 
Plastic Package (Z) 


DS005518-10 


Bottom View 
Order Number LM285Z-1.2, 
LM285BXZ-1.2, LM285BYZ-1.2 
LM385Z-1.2, LM385BZ-1.2 
LM385BXZ-1.2 or LM385BYZ-1.2 
See NS Package Number Z03A 
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The LM185-1.2 is rated for operation over a —55°C to 125°C 
temperature range while the LM285-1.2 is rated —-40°C to 
85°C and the LM385-1.2 0°C to 70°C. The LM185-1.2/ 
LM285-1.2 are available in a hermetic TO-46 package and 
the LM285-1.2/LM385-1.2 are also available in a low-cost 
TO-92 molded package, as well as SO and SOT-23. The 
LM185-1.2 is also available in a hermetic leadless chip car- 


tier package. 


Features 

m +4 mV (+0.3%) max. initial tolerance (A grade) 
@ Operating current of 10 UA to 20 mA 

0.6Q max dynamic impedance (A grade) 

Low temperature coefficient 

Low voltage reference — 1.235V 

2.5V device and adjustable device also available 
LM185-2.5 series and LM185 series, respectively 


DS005518-33 


* Pin 3 is attached to the Die Attach Pad (DAP) and should be connected 
to Pin 2 or left floating. 


Order Number LM385M3-1.2 
See NS Package Number MA03B 
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LM185-1.2/LM285-1.2/LM385-1.2 


Connection Diagrams (Continued) 
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SO Package 
+ NC NC NC 





NC NC NC - 
. DS005518-9 
Order Number LM285M-1.2, 
LM285BXM-1.2, LM285BYM-1.2 
__LM385M-1.2, LM385BM-1.2 
LM385BXM-1.2 or LM385BYM-1.2 
See NS Package Number M08A 


TO-46 
Metal Can Package (H) 


DS005518-6 


Bottom View 
Order Number LM185H-1.2, LM185H-1.2/883, 
LM185BXH-1.2, LM185BYH-1.2 
LM285H-1.2 or LM285BXH-1.2 
See NS Package Number H02A 
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LM185-2.5/LM285-2.5/LM385-2.5 
Micropower Voltage Reference Diode 


General Description 


The LM185-2.5/LM285-2.5/LM385-2.5 are micropower 
2-terminal band-gap voltage regulator diodes. Operating 
over a 20 Ato 20 mA current range, they feature exception- 
ally low dynamic impedance and good temperature stability. 
On-chip trimming is used to provide tight voltage tolerance. 
Since the LM-185-2.5 band-gap reference uses only transis- 
tors and resistors, low noise and good long term stability re- 
sult. 


Careful design of the LM185-2.5 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. 


The extremely low power drain of the LM185-2.5 makes it 
useful for micropower circuitry. This voltage reference can be 
used to make portable meters, regulators or general purpose 
analog circuitry with battery life approaching shelf life. Fur- 
ther, the wide operating current allows it to replace older ref- 
erences with a tighter tolerance part. For applications requir- 
ing 1.2V see LM185-1.2. 


Connection Diagrams 


TO-92 
Plastic Package 


DS005519-8 


Bottom View 
Order Number LM285Z-2.5, 
LM285BXZ-2.5, LM285BYZ-2.5 
LM385Z-2.5, LM385AXZ-2.5 
LM385AYZ-2.5, LM385BZ-2.5, 
LM385BXZ-2.5 or LM385BYZ-2.5 
See NS Package Number Z03A 


The LM185-2.5 is rated for operation over a —55°C to 125°C 
temperature range while the LM285-2.5 is rated -40°C to 
85°C and the LM385-2.5 0°C to 70°C. The LM185-2.5/ 
LM285-2.5 are available in a hermetic TO-46 package and 
the LM285-2.5/LM385-2.5 are also available in a low-cost 
TO-92 molded package, as well as S.O. and SOT-23. The 
LM185-2.5 is also available in a hermetic leadless chip car- 
rier package. 


Features 

@ +20 mV (+0.8%) max. initial tolerance (A grade) 
m@ Operating current of 20 pA to 20 mA 

® 0.6Q dynamic impedance (A grade) 

m™ Low temperature coefficient 

w@ Low voltage reference —2.5V 


m 1.2V device and adjustable device also 
available —LM185-1.2 series and LM185 series, 
respectively 


SO Package 





NC NC 


DS005519-11 


Order Number LM285M-2.5, 
LM285BXM-2.5, LM285BYM-2.5 
LM385M-2.5, LM385BM-2.5 
LM385BXM-2.5 or LM385BYM-2.5 
See NS Package Number MO8A 


DS005519-29 


* Pin 3 is attached to the Die Attach Pad (DAP) and should be connected to Pin 2 or left floating. 


Order Number LM385M3-2.5 
See NS Package Number MA03B 
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LM185-2.5/LM285-2.5/LM385-2.5 


Connection Diagrams (Continued) 


LCC 
Leadless Chip Carrier 





DS005519-14 


Order Number LM185E-2.5/883 
See NS Package Number E20A 


TO-46 
Metal Can Package 


DS005519-13 


Bottom View 
Order Number LM185H-2.5, 
LM185H-2.5/883, LM185BXH-2.5, 
LM185BXH-2.5/883, LM185BYH-2.5, 
LM185BYH2.5/883, LM285H-2.5, 
or LM285BYH-2.5 
See NS Package Number H02A 
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National Semiconductor 


LM4040 


Precision Micropower Shunt Voltage Reference 


General Description 


Ideal for space critical applications, the LM4040 precision 
voltage reference is available in the sub-miniature (3 mm x 
1.3 mm) SOT-23 surface-mount package. The LM4040’s ad- 
vanced design eliminates the need for an external stabilizing 
capacitor while ensuring stability with any capacitive load, 
thus making the LM4040 easy to use. Further reducing de- 
sign effort is the availability of several fixed reverse break- 
down voltages: 2.500V, 4.096V, 5.000V, 8.192V, and 
10.000V. The minimum operating current increases from 
60 WA for the LM4040-2.5 to 100 PA for the LM4040-10.0. All 
versions have a maximum operating current of 15 mA. 

The LM4040 utilizes fuse and zener-zap reverse breakdown 
voltage trim during wafer sort to ensure that the prime parts 
have an accuracy of better than +0.1% (A grade) at 25°C. 
Bandgap reference temperature drift curvature correction 
and low dynamic impedance ensure stable reverse break- 
down voltage accuracy over a wide range of operating tem- 
peratures and currents. 

Also available is the LM4041 with two reverse breakdown 
voltage versions: adjustable and 1.2V. Please see the 
LM4041 data sheet. 


Features 
# Small packages: SOT-23, TO-92 
# No output capacitor required 


Connection Diagrams 


SOT-23 


DS011323-1 
*This pin must be left floating or connected to pin 2. 
Top View 
See NS Package Number M03B 
(JEDEC Registration TO-236AB) 
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m@ Tolerates capacitive loads 
m Fixed reverse breakdown voltages of 2.500V, 4.096V, 
5.000V, 8.192V, and 10.000V 


Key Specifications (LM4040-2.5) 


@ Output voltage tolerance 
(A grade, 25°C) 

m@ Low output noise 
(10 Hz to 10 kHz) 


m Wide operating current range 
m Industrial temperature range 
m Extended temperature range 
m@ Low temperature coefficient 


+0.1% (max) 


35 UV ms(typ) 
60 pA to 15 mA 


—40°C to +85°C 
—40°C to +125°C 
100 ppm/°C (max) 


Applications 

m Portable, Battery-Powered Equipment 
= Data Acquisition Systems 
Instrumentation 

Process Control 

Energy Management 

Product Testing 

Automotive 

Precision Audio Components 


DS011323-3 


Bottom View 
See NS Package Number Z03A 
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LM4040 


Ordering Information 


Industrial Temperature Range (—40 ‘C to +85 °C) 


Reverse Breakdown 
Voltage Tolerance at 25°C 
and Average Reverse Breakdown 
Voltage Temperature Coefficient 
+0.1%, 100 ppm/"C max (A grade) 


+0.2%, 100 ppm/°C max (B grade) 


+0.5%, 100 ppm/*C max (C grade) 


+1.0%, 150 ppm/"C max (D grade) 


+2.0%, 150 ppm/"C max (E grade) 


www.national.com 


See NS Package 
Number M03B 
LM4040BIM3-2.5, 
LM4040BIM3-4.1, 
LM4040B/M3-5.0, 
LM4040BIM3-8.2, 
LM4040BIM3-10.0 


See NS Package 
Number M03B 
LM4040CIM3-2.5, 
LM4040CIM3-4.1, 
LM4040CIM3-5.0, 
LM4040CIM3-8.2, 
LM4040CIM3-10.0 





See NS Package 
Number M03B 
LM4040DIM3-2.5, 
LM4040DIM3-4.1, 
LM4040DIM3-5.0, 
LM4040DIM3-8.2, 
LM4040DIM3-10.0 





See NS Package 
Number M03B 
LM4040EIM3-2.5 





See NS Package 
Number M03B 
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Package 


M3 (SOT-23) 


LM4040AIM3-2.5, 
LM4040AIM3-4.1, 
LM4040AIM3-5.0, 
LM4040AIM3-8.2, 
LM4040AIM3-10.0 


Z (TO-92) 
LM4040AIZ-2.5, 
LM4040AIZ-4.1, 
LM4040AIZ-5.0, 
LM4040AIZ-8.2, 
LM4040AIZ-10.0 


See NS Package 
Number Z03A 
LM4040BIZ-2.5, 
LM4040BIZ-4.1, 
LM4040BIZ-5.0, 
LM4040BIZ-8.2, 
LM4040BIZ-10.0 © 


See NS Package 
Number Z03A 
LM4040CIZ-2.5, 
LM4040CIZ-4.1, 
LM4040CIZ-5.0, 
LM4040CIZ-8.2, 
LM4040CIZ-10.0 


See NS Package 
Number Z03A 
LM4040DIZ-2.5, 
LM4040DIZ-4.1, 
LM4040DIZ-5.0, 
LM4040DIZ-10.0, 


See NS Package 
Number Z03A 
LM4040EIZ-2.5 


See NS Package 
Number Z03A 


Ordering Information (continued) 
Extended Temperature Range (—40 °C to +125 ‘C) 


Reverse Breakdown 
Voltage Tolerance at 25 °C 
and Average Reverse Breakdown 
Voltage Temperature Coefficient 
+0.5%, 100 ppm/"C max (C grade) 
+1.0%, 150 ppm/"C max (D grade) 
+2.0%, 150 ppm/*C max (E grade) 


SOT-23 Package Marking Information 


OvorIN 


Package 
M3 (SOT-23) 
See NS Package 
Number M03B 


LM4040CEM3-2.5, LM4040CEM3-5.0 


LM4040DEM3-2.5, LM4040DEMS3-5.0 
LM4040EEM3-2.5 


Only three fields of marking are possible on the SOT-23’s small surface. This table gives the meaning of the three fields. 


Part Marking Field Definition 


First Field: 
R = Reference 
Second Field: 
2 = 2.500V Voltage Option 
4 = 4.096V Voltage Option 
5 = 5.000V Voltage Option 
8 = 8.192V Voltage Option 
0 = 10.000V Voltage Option © 


Third Field: 


A-E = Initial Reverse Breakdown Voltage or Reference Voltage Tolerance 
A = +0.1%, B = +0.2%, C = +0.5%, D = +1.0%, E = +2.0% 
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LM4041 


AD vationat Semiconductor 


LM4041 


Precision Micropower Shunt Voltage Reference 


General Description 


Ideal for space critical applications, the LM4041 precision 
voltage reference is available in the sub-miniature (8 mm x 
1.3 mm) SOT-23 surface-mount package. The LM4041’s ad- 
vanced design eliminates the need for an external stabilizing 
capacitor while ensuring stability with any capacitive load, 
thus making the LM4041 easy to use. Further reducing de- 
sign effort is the availability of a fixed (1.225V) and adjust- 
able reverse breakdown voltage. The minimum operating 
current is 60 yA for the LM4041-1.2 and the LM4041-ADJ. 
Both versions have a maximum operating current of 12 mA. 
The LM4041 utilizes fuse and zener-zap reverse breakdown 
or reference voltage trim during wafer sort to ensure that the 
prime parts have an accuracy of better than +0.1% 
(A grade) at 25°C. Bandgap reference temperature drift cur- 
vature correction and low dynamic impedance ensure stable 
reverse breakdown voltage accuracy over a wide range of 
operating temperatures and currents. 


Features 

= Small packages: SOT-23, and TO-92 
m No output capacitor required 

m Tolerates capacitive loads 


| ™ Reverse breakdown voltage options of 1.225V and 


adjustable 


Connection Diagrams 


Key Specifications (LM4041-1.2) 
m Output voltage tolerance 

(A grade, 25°C) 
m Low output noise 

(10 Hz to 10kHz) 
m Wide operating current range 
@ Industrial temperature range 
m Extended temperature range 
m Low temperature coefficient 


+0.1%(max) 


20UV ims 

60uA to 12mA 
-40°C to +85°C 
~40°C to +125°C 
100 ppm/*C (max) 


Applications 

Portable, Battery-Powered Equipment 
Data Acquisition Systems 
Instrumentation 

Process Control 

Energy Management 

Automotive 

Precision Audio Components 


SOT-23 
1 
+ FB 
a" 3 
2 
ADJ 
et 1392-1 - DS011392-40 
*This pin must be left floating or connected to pin 2. 
Top View 
See NS Package Number M03B 
(JEDEC Registration TO-236AB) 
TO-92 
NC + - FB + - 
J 
DS011392-3 DS011392-32 
Bottom View 


See NS Package Number Z03A 
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Ordering Information 


LyOvVIN] 


Reverse Breakdown 
Voltage Tolerance at 25°C 
and Average Reverse Breakdown 
Voltage Temperature Coefficient mie (oO1-e3) & (10-92) 
+0.1%, 100 ppm/*C max (A grade) LM4041AIM3-1.2 LM4041AIZ-1.2 
See NS Package See NS Package 


Number M03B Number Z03A 
LM4041BIZ-1.2 


Package 


+0.2%, 100 ppm/°C max (B grade) 


LM4041BIM3-1.2 


See NS Package See NS Package 
Number M03B Number Z03A 
+0.5%, 100 ppm/°C max (C grade) LM4041CEM3-1.2 LM4041CIZ-1.2, 
LM4041CIM3-1.2 LM4041CEM3-ADJ LM4041CIZ-ADJ 
LM4041CIM3-ADJ 
See NS Package See NS Package 
Number M03B Number Z03A 
+1.0%, 150 ppm/°C max (D grade) LM4041DEM3-1.2 LM4041DIZ-1.2, 
LM4041DIM3-1.2 LM4041DEM3-ADJ LM4041DIZ-ADJ 
LM4041 DIM3-ADJ 
See NS Package See NS Package 
Number M03B Number Z03A 
+2.0%, 150 ppm/"C max (E grade) LM4041EEMS3-1.2 LM4041EIZ-1.2 


LM4041EIM3-1.2 
See NS Package See NS Package 
Number M03B Number Z03A 





SOT-23 Package Marking Information 


Only three fields of marking are possible on the SOT-23’s small surface. This table gives the meaning of the three fields. 





Part Marking Field Definition 
R1A First Field: 
R1B R = Reference 
R1C Second Field: 
R1D 1 = 1.225V Voltage Option 
RiE A = Adjustable 
Third Field: 
RAC A-E = Initial Reverse Breakdown 
RAD Voltage or Reference Voltage Tolerance 


A= £0.1%, B = 0.2%, C = 0.5%, D = +1.0%, E = +2.0% 
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National Semiconductor 





LM4050 
Precision Micropower Shunt Voltage Reference 


General Description 7 Features 


Ideal for space critical applications, the LM4050 precision m Small packages: SSOT-23 
voltage reference is available in the sub-miniature (8 mm x —_@ No output capacitor required 
1.3mm) SSOT-23 surface-mount package. The LM4050’s__— m Tolerates capacitive loads 


design eliminates the need for an external stabilizing capaci- Fixed reverse breakdown voltages of 2.500V, 4.096V, 


tor while ensuring stability with any capacitive load, thus 5.000V, 8.192V, and 10.000V 
making the LM4050 easy to use. Further reducing design ef- 


fort is the availability of several fixed reverse breakdown volt- Key Specifications (LM4050-2 5) 


ages: 2.500V, 4.096V, 5.000V, 8.192V, and 10.000V. The 

minimum operating current increases from 60 UA for the m Output voltage tolerance 
LM4050-2.5 to 100 WA for the LM4050-10.0. All versions (A grade, 25°C) 

have a maximum operating current of 15 mA. ; L sceakeed 

The LM4050 utilizes fuse and zener-zap reverse breakdown ss ones 0 kHz) 

voltage trim during wafer sort to ensure that the prime parts | 

have an accuracy of better than +0.1% (A grade) at 25°C. | ™ +~Wide operating current range 
Bandgap reference temperature drift curvature correction m Industrial temperature range 
and low dynamic impedance ensure stable reverse break- m Extended temperature range 
down voltage accuracy over a wide range of operating tem- ai 

peratures and currents. m@ Low temperature coefficient 

All grades and voltage options of the LM4050 operate be- 2 : 

tween -40°C and +85°C. Selected parts can operate in the Applications 

extended temperature range, from —40°C and +125°C. Portable, Battery-Powered Equipment 
Data Acquisition Systems 
Instrumentation 

Process Control 

Energy Management 

Product Testing 

Automotive 

Precision Audio Components 


Connection Diagrams 


DS101045-1 
*This pin must be left floating or connected to pin 2. 
Top View 
See NS Package Number MFO3A 
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+0.1% (max) 


41 UVms(typ) 
60 vA to 15 mA 
-—40°C to +85°C 

-40°C to +125°C 
50 ppm/°C (max) 


Ordering Information 


OSOVIN) 


Industrial Temperature Range (—40 ‘C to +85 °C) 


Reverse Breakdown 
Voltage Tolerance at 25°C and Average 
Reverse Breakdown 
Voltage Temperature Coefficient 


LM4050 Supplied as 1000 Units, 
Tape and Reel 


LM4050 Supplied as 3000 Units, 
Tape and Reel 






LM4050AIM3-2.5 LM4050AIM3X-2.5 


LM4050AIM3-4.1 LM4050AIM3X-4.1 
+0.1%, 50 ppm/°C max (A grade) LM4050AIM3-5.0 LM4050AIM3X-5.0 


LM4050AIM3-8.2 LM4050AIM3X-8.2 
LM4050AIM3-10 : LM4050AIM3X-10 
LM4050BIM3-2.5 LM4050BIM3X-2.5 


LM4050BIM3-4.1 LM4050BIM3X-4.1 
+0.2%, 50 ppm/"C max (B grade) LM4050BIM3-5.0 LM4050BIM3X-5.0 


LM4050BIMSX-62 
LM4050BIMSX-10 
LMA050CIMGX2.5 
LMA050CIMSX<4.1 
+£0.5%, 50 ppm/°C max (C grade) LM4050CIM3X-5.0 
LMA050CIMBX-8.2 


LM4050CIM3-10 LM4050CIM3X-10 


Extended Temperature Range (—40 °C to +125 °C) 


LM4050 Supplied as 1000 Units, 
Tape and Reel 


Reverse Breakdown 
Voltage Tolerance at 25°C and Average 
Reverse Breakdown 
Voltage Temperature Coefficient 


+0.5%, 50 ppm/°C max (C grade) LM4050CEMSX-2.5 
SSOT-23 Package Marking Information 


Only three fields of marking are possible on the SSOT-23’s small surface. This table gives the meaning of the three fields. 


Part Marking Field Definition 
RCA 


First Field: 
R = Reference 

Second Field: 
C = 2.500V Voltage Option 
D = 4.096V Voltage Option 
E = 5.000V Voltage Option 
F = 8.192V Voltage Option 


LM4050 Supplied as 3000 Units, 
Tape and Reel 









G = 10.000V Voltage Option 


Third Field: 
A-C = Initial Reverse Breakdown Voltage or Reference Voltage Tolerance 
A= +0.1%, B = +0.2%, C = +0.5%, 
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AY national Semiconductor 


LM4051 
Precision Micropower Shunt Voltage Reference 


General Description Key Specifications (LM4051-1.2) 


Ideal for space critical applications, the LM4051 pipet ™ Output voltage tolerance 
voltage reference is available in the sub-miniature (3 mm x BS 

| 1.3mm) SSOT-23 surface-mount package. The LM4051’s WNgiede: 62 o) sony) 
advanced design eliminates the need for an external stabiliz-  ™ Low output noise 
ing capacitor while ensuring stability with any capacitive (10 Hz to 10kHz) 20UV ims 
load, thus making the LM4051 easy to use. Further reducing m Wide operating current range 60uA to 12mA 
design effort is the availability of a fixed (1.225V) and adjust- 
able reverse breakdown voltage. The minimum operating (tempco guaranteed from 
current is 60 WA for the LM4051-1.2 and the LM4051-ADJ. poche alana 
Both versions have a maximum operating current of 12 mA. 40°C to +125°C) 
The LM4051 comes in three grades (A, B, and C). The best = Low temperature coefficient 50 ppm/"C (max) 
grade devices (A) have an initial accuracy of 0.1%, while the : : 
B-grade have 0.2% and the C-grade 0.5%, all with atempco Applications 
of 50 ppm/°C guaranteed from —40°C to 125°C. Portable, Battery-Powered Equipment 
The LM4051 utilizes fuse and zener-zap trim of reference Data Acquisition Systems 
voltage during wafer sort to ensure that the prime parts have Instrumentation 
an accuracy of better than +0.1% (A grade) at 25°C. Process Control 


a 

| 

| 

B 

m Energy Management 
Features = Automotive and Industrial 

a 

| 

a 

] 

| 


m@ Industrial temperature range -40°C to +85°C 


m Small packages: SSOT-23 Precision Audio Components 

m= No output capacitor required Base Stations 

= Tolerates capacitive loads Battery Chargers 

m Reverse breakdown voltage options of 1.225V and Medical Equipment 
adjustable Communication 


Connection Diagrams 


SSOT-23 
1 
+ FB 
3* 3 
2 
~ z + 
ADJ 
eee DS101222-40 
*This pin must be left floating or connected to pin 2. 
Top View 


See NS Package Number MF03A 
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Ordering Information 


Reverse Breakdown LM4051 Supplied as LM4051 Supplied as Part Marking 
Voltage Tolerance at 25°C and 1000 Units, Tape and 3000 Units, Tape and 
Average Reverse Breakdown Reel Reel 
Voltage Temperature Coefficient 


+0.1%, 50 ppm/"°C max (A grade) LM4051AIM3-1.2 LM4051 AIM3X-1.2 


LSOvINT 


02%, 50 ppmFC max (B grade) | __LMOSTBING-1.2 | _LMaosteIMax-1.2 | _AIB 
LM4051CIMGX-AD) 


SOT-23 Package Marking Information 


Only three fields of marking are possible on the SSOT-23’s small surface. This 
table gives the meaning of the three fields. 


First Field: 
R = Reference 
Second Field: 
| = 1.225V Voltage Option 





H = Adjustable 
Third Field: 
A-C = Initial Reverse Breakdown 
Voltage or Reference Voltage Tolerance 
A = +0.1%, B = +0.2%, C = 0.5% 
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AY vationat Semiconductor 


LM4120 


Precision Micropower Low Dropout Voltage fiulersiiee 


General Description 


The LM4120 is a precision low power low dropout bandgap 
voltage reference with up to 5 mA output current source and 
sink capability. 

This series reference operates with input voltages as low as 
2V and up to 12V consuming 160 yA (Typ.) supply current. In 
power down mode, device current drops to less than 2 UA. 


The LM4120 comes in two grades (A and Standard) and 
seven voltage options for greater flexibility. The best grade 
devices (A) have an initial accuracy of 0.2%, while the stan- 
dard have an initial accuracy of 0.5%, both with a tempco of 
50ppm/"C guaranteed from —40°C to +125°C. 


The very low dropout voltage, low supply current and 
power-down capability of the LM4120 makes this product an 
ideal choice for battery powered and portable applications. 


The device performance is guaranteed over the industrial 
temperature range (—40°C to +85°C), while certain specs are 
guaranteed over the extended temperature range (—40°C to 
+125°C). Please contact National for full specifications over 
the extended temperature range. The LM4120 is available in 
a standard 5-pin SOT-23 package. 


Functional Block Diagram 


Enable 





GND 
DS101047-1 


Features 

= Small SOT23-5 package 

= Low dropout voltage: 120 mV Typ @ 1 mA 

@ High output voltage accuracy: 0.2% 

™ Source and Sink current output: +5 mA 

m™ Supply current: 160 BA Typ. 

m Low Temperature Coefficient: 50 ppm/°C 

m Enable pin 

m Fixed output voltages: 1.8, 2.048, 2.5, 3.0, 3.3, 4.096 
and 5.0V 


Industrial temperature Range: -40°C to +85°C 
(For extended temperature range, ~40°C to 125°C, 
contact National Semiconductor) 


Applications 

Portable, battery powered equipment 
Instrumentation and process control 
Automotive & Industrial 

Test equipment 

Data acquisition systems 

Precision regulators 

Battery chargers 

Base stations 

Communications 

Medical equipment 


Connection Diagram 


LM4120 


(Top View) 


Enable 





DS101047-2 


Refer to the Ordering Information Table in this Data Sheet for Specific 
Part Number 


SOT23-5 Surface Mount Package 
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- Ordering Information 


industrial Temperature Range (—40°C to + 85°C) 


ne ; LM4120 Supplied as LM4120 Supplied as 
Initial Output Voltage Accuracy at 25°C : : Top 
And Temperature Coefficient 100 ee sere and mee sae ane Marking 


LM4120AIM5-3.3 _ __LM4120AIM5X-3.3 Ri6A 
LM4120AIM5-4. 1 LM4120AIM5X-4. 1 R17A 


LM4120AIM5-5.0 LM4120AIM5X-5.0 Ri8A 
~  LM4120IM5-1.8 LM4120IM5X-1.8 R21B 





















0.2%, 50 ppm/*C max (A grade) 























LM4120IM5-3.0 R15B 


LM4120IM5-5.0 LM4120IM5X-5.0 R18B 


LM4120IM5-2.0 LM4120IM5X-2.0 R14B 


0.5%, 50 ppm/°C max 





SOT-23 Package Marking Information 


Only four fields of marking are possible on the SOT-23’s small surface. This 
table gives the meaning of the four fields. 


Field Information 
First Field: 
R = Reference 
| Second and third Field: 
21 = 1.800V Voltage Option 
14 = 2.048V Voltage Option 
08 = 2.500V Voltage Option 
15 = 3.000V Voltage Option 


16 = 3.300V Voltage Option 
17 = 4.096V Voltage Option 
18 = 5.000V Voltage Option 
Fourth Field: 
A-B = Initial Reference Voltage Tolerance 
A= +0.2% 
B = +0.5% 





15-35 www.national.com 


OcLVIN] 





LM4121 


www.national.com 
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LM4121 


Precision Micropower Low Dropout Voltage Reference 


General Description 


The LM4121 is a precision bandgap voltage reference avail- 
able in a fixed 1.25V and adjustable version with up to 5 mA 
current source and sink capability. : 


This series reference operates with input voltages as low as . 


1.8V and up to 12V consuming 160 HA (Typ.) supply current. 
In power down mode, device current drops to less than 2 UA. 


The LM4121 comes in two grades A and Standard. The best 
grade devices (A) have an initial accuracy of 0.2%, while the 
standard have an initial accuracy of 0.5%, both with a 
tempco of S50ppm/"C guaranteed from —40°C to +125°C. 


The very low operating voltage, low supply current and 
power-down capability of the LM4121 makes this product an 
ideal choice for battery powered and portable applications. 


The device performance is guaranteed over the industrial 
temperature range (—40°C to +85°C), while certain specs are 
guaranteed over the extended temperature range (—40°C to 
+125°C). Please contact National for full specifications over 
the extended temperature range. The LM4121 is available in 
a standard 5-pin SOT-23 package. 


Block Diagram 


LM4121-1.2 Block Diagram 





DS101291-1 


* Resistors are removed on the LM4121-ADJ 
+ LM4121-ADJ only 


Features (LM4121-1.2) 
= Small SOT23-5 package 
m Low voltage operation 


m@ High output voltage accuracy: 0.2% 
= Source and Sink current output: +5 mA 
m Supply current: 160 pA Typ. 
m Low Temperature Coefficient: 50 ppm/°C 


m Enable pin 

= Output voltages: 1.25V and Adjustable 

= Industrial temperature Range: —40°C to +85°C 

m (For extended temperature range, —40°C to 125°C, 
contact National Semiconductor) 


Applications 

m™ Portable, battery powered equipment 
m@ Instrumentation and process control 
Automotive & Industrial 

Test equipment 

Data acquisition systems 

Precision regulators 

Battery chargers 

Base stations 

Communications 

Medical equipment 


Connection Diagram 


Vout 


LM4121-1.2 





DS101291-2 


Refer to the Ordering Information Table in this Data Sheet for Specific 
Part Number 


SOT23-5 Surface Mount Package 


LM4121-ADJ. 


{Top View) 
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Ordering Information 


LoLpiny 


Industrial Temperature Range (—40°C to + 85°C) 


ae é LM4121 Supplied as LM4121 Supplied as 
Initial Output Voltage Accuracy at 25°C ' : Top 
And Temperature Coefficient 1000 eee and 3000 eee and Marking 


: LM4121AIM5-1.2 LM4121AIM5X-1.2 R19A 
0.2%, 50 ppm/"C max (A grade) 











LM4121AIM5-ADJ LM4121AIM5X-ADJ R20A 
, LM4121IM5-1.2 LM4121IM5X-1.2 R19B 

0.5%, 50 ppm/"C max 
LM4121IM5-ADJ LM4121IM5X-ADJ R20B 


SOT-23 Package Marking Information 


Only four fields of marking are possible on the SOT-23’s small surface. This 
table gives the meaning of the four fields. 


Field information 


First Field: 





R = Reference 
Second and third Field: 
19 = 1.250V Voltage Option 
20 = Adjustable 


Fourth Field: 
A-B = Initial Reference Voltage Tolerance 
A = +0.2% 
B = +0.5% 
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LM41 30, 


National Semiconductor 


Precision. Micropower Low Dropout Voltage Reference 


General Description 


The LM4130 family of precision voltage references performs 
comparable to the best laser-trimmed bipolar references, but 
in cost effective CMOS technology. Key to this break through 
is the use of EEPROM registers for correction of curvature, 


| tempco, and accuracy on a CMOS bandgap architecture that 


allows package level programming to overcome assembly 
shift. The shifts in voltage accuracy and tempco during as- 
sembly of die into plastic packages limit the accuracy of ref- 
erences trimmed with laser techniques. 


Unlike other LDO references, the LM4130 requires no output 
capacitor. Neither is a buffer amplifier required, even with 
loads up to 20mA. These advantages and the SOT23 pack- 
aging are important for cost-critical and space-critical appli- 


| cations. 


Series references provide lower power consumption than 
shunt references, since they don’t have to idle the maximum 
possible load current under no load conditions. This advan- 
tage, the low quiescent current (75uA), and the low dropout 
voltage(275mV) make the LM4130 ideal for battery-powered 
solutions. 


The LM4130 is available in five grades (A, B, C, D and E) for 
greater flexibility. The best grade devices (A) have an initial 
accuracy of 0.05% with guaranteed temperature coefficient 
of 10ppm/°C or less, while the lowest grade parts (E) have 
an initial accuracy of 0.5% and a tempco of 30ppm/"C. 


Features 
Smail SOT23-5 package 
High. output voltage accuracy : 0.05%. | 
Low Temperature Coefficient 10 ppm/°C 


Stable with capacitive loads to 100uF 
Low dropout voltage 


x 
| 

o 

rT] 

] <275 mV @ 10 mA 
@ Supply Current 

= 

= 

a 

w 

| 

] 


<75 YA 
Full accuracy -—40°C to 85°C 
Extended operation to 125°C 
Excellent load and line regulation 
Output current 
Output impedance 
Voltage options: 


20 mA 
| < 10 
2.048V, 2.500V, and 4.096V 


Applications Summary 


Portable, battery powered equipment 
Instrumentation and process control 
Automotive & Industrial 

Test equipment 

Data acquisition systems 

Precision regulators 

Battery chargers 

Base stations 

Communications 

Medical equipment 

Servo systems 


Connection Diagram and Pin Configuration 





DS101046-1 


*Optional, Recommended for improved transient response and 
input noise reduction. 
(See Application Information) 





DS101046-2 


caer to the Ordering Information Table in this Data Sheet for Specific Part 
umber 


SOT23-5 Surface Mount Package 


15-38 


Ordering Information 


Of LVN] 


Industrial Temperature Range (-40°C to + 85°C) 


a : LM4130 Supplied as LM4130 Supplied as 
Initial Output Voltage Accuracy at 25°C : 
And Temperature Coefficient 1000 eee and 3000 i and Part Marking 


LM4130AIM5-2.0 LM4130AIM5X-2.0 RO2A 
0.05%, 10 ppm/"C max (A grade) LM4130AIM5-2.5 LM4130AIM5X-2.5 ROSA 


0.2%, 10 ppm'G max (B grade 
0.1%, 20 ppm/'G max (C grade) 
[imaraopIms20 | umaiaooImex.2.0 | _Ro2D 
0.4%, 20 ppr'G max (D grade) 
[twa7a06ivs-2.0 | LMata0EIMsx.2.0 [ROE 
0.5%, 30 ppm/"G max (E grade 


SOT23-5 Package Marking Information 


Only four fields of marking are possible on the SOT23-5’s small surface. This 
table gives the meaning of the four fields. 


First Field: 
R = Reference 

Second and Third Field: 
02 = 2.048V Voltage Option 
03 = 2.50V Voltage Option 
04 = 4.096V Voltage Option 


LM4130AIM5-4.1 LM4130AIM5X-4.1 RO4A 


LM4130BIM5-2.0 LM4130BIM5X-2.0 RO02B 





Fourth Field: 
A-E = Initial Reference Voltage Tolerance and Temperature Coefficient 
A = +0.05%, 10ppm/"C 
B = +0.2%, 10ppm/"C 
C = +0.1%, 20ppm/"C 
D = +0.4%, 20ppm/°C 
E = +0.5%, 30ppm/"C 
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AY national Semiconductor 


LM4140 © 


High Precision Low Noise Low Dropout Voltage 


Reference 


| General Description 


The LM4140 series of precision references are designed to 
combine high accuracy, low drift and noise with low power 
dissipation in a small package. 


The LM4140 is the industry’s first reference with output volt- 
age options lower than the bandgap voltage. 


The key to the advance performance of the LM4140 is the 
use of EEPROM registers and CMOS DACs for temperature 
coefficient curvature correction and trimming of the output 
voltage accuracy of the device during the final production 
testing. 

The major advantage of this method is the much higher reso- 
lution available with DACs than is available economically 
with most methods utilized by other bandgap references. 


The low input and dropout voltage, low supply current and 
output drive capability of the LM4140 makes this product an 
ideal choice for battery powered and portable applications. 

The LM4140 is available in three grades (A, B, C) with 0.1% 
initial accuracy and 3, 6 and 10 ppm/"C temperature coeffi- 
cients. For even lower Tempco, contact National Semicon- 
ductor. 

The device performance is specified over the temperature 
range (0°C to +70°C) and is available in compact 8-pin SO 
package. 

For other output voltage options from 0.5V to 4.5V, con- 
tact National Semiconductor. 


Typical Application 






Enable 


DS101079-1 


Cour, Output bypass capacitor. See text for selection detail. 


Features 

High initial accuracy: 0.1% 

Ultra low noise 

Low Temperature Coefficient: 3 ppm/"C (A grade) 
Low voltage operation: 1.8V 

SO-8 package 

Low dropout voltage: 20 mV (typ) @ 1mA 

Supply Current: 230 pA (typ), < 1 pA disable mode 
Enable pin 

Ouiput voltage options: 1.024V, 1.250V, 2.048V, 2.500V, 
and 4.096V 

Custom voltages from 0.5V to 4.5V 

m™ Temperature range (0°C to 70°C) 


Applications Summary 

m Portable, battery powered equipment 

m Instrumentation and test equipment 
Automotive | 

Industrial process control 

Data acquisition systems 

Medical equipment 

Precision scales 

Servo systems 

Battery charging 


Typical Temperature Coefficient 
(Sample of 5 Parts) 


Output Voltage (V) 





Temperature (°C) 
DS101079-23 


Refer to the Ordering Information Table in this Data Sheet for Specific Part 
Number 
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Ordering Information temperature Range (0°C to 70°C) 


OVLVIN 


Initial Output Voltage Accuracy 
@ 25°C 
and Temperature Coefficient 


LM4140 Supplied as 95 Units, 
Tape and Reel 


LM4140 Supplied as 2500 
Units, Tape and Reel 






LM4140ACM-1.0 LM4140ACMX-1.0 


LM6140ACMI1.2 
0.1%, 3 ppm/"C max (A grade) LM4140ACMX-2.0 
[M#i40ACMK2.5 
LM4140AOMX4 


LM4140BCM-1.0 LM4140BCMX-1.0 


LM4140BCM-1.2 LM4140BCMX-1.2 


0.1%, 6 ppm/"C max (B grade) LM4140BCMX-2.0 
[Mai 40BOMX-4.1 
LMa40GOMx=.0 
iMai40CCMK-1.2 
0.1%, 10 ppr/"C max (C grade) LM4140CCMX-2.0 

LMat40COMX2.5 

CMa 40CON4 


Connection Diagram 


8-Lead Surface Mount (M) 





DS101079-2 


Top View 
See NS Package Number M08A 





Pin Functions 


Vier (Pin 6): Reference Output. Capable of sourcing up to 8mA. 

Input (Pin 2): Positive Supply. 

Ground (Pins 1, 4, 7, 8): Negative Supply or Ground Connection. These pins must be 
connected to ground. 

Enable (Pin 3): Pulled to input for normal operation. Forcing this pin to ground will 
turn-off the output. 

NC (Pin 5): This pin must be left open. 
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AY vationat Semiconductor 


LM431 


Adjustable Precision Zener Shunt Regulator 


General Description | 


The LM431 is a 3-terminal adjustable shunt regulator with — 


guaranteed temperature stability over the entire temperature 


range of operation. It is now available in a chip sized pack-. 


age (4-Bump micro SMD) using National’s micro SMD pack- 
age technology. The output voltage may be set at any level 
greater than 2.5V (Var) up to 36V merely by selecting two 
external resistors that act as a voltage divided network. Due 
to the sharp turn-on characteristics this device is an excel- 
lent replacement for many zener diode applications. 


Connection Diagrams 


TO-92: Plastic Package 





le Rete dead | 
' tt i ‘ 


Mv os Ni 


ANODE 


DS010055-1 


Top View 


SO-8: 8-Pin Surface Mount 


ay, 

CATHODE = 1 8 PREFERENCE 
ANODE =4 2 7 f= ANODE 
ANODE =4 3 6 Fm ANODE 

NC == 4 SFmNC 
DS010055-2 
Top view 


Features 


m Average temperature coefficient 50 ppm/°C 

= Temperature compensated for operation over the full 
temperature range 

m Programmable output voitage 

m Fast turn-on response 

m Low output noise 

m= LM431 in micro SMD package 


SOT-23: 3-Lead Small Outline 
ANODE. 


CATHODE REF 


DS010055-28 


Top View 


4-Bump micro SMD 


Cathode 


Anode 





DS010055-54 


Top View 
(bump side down) 
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Ordering Information 


Package | Typical Accuracy Order Number/Package Marking | Temperature Transport Media 
Range 
TO-92 LM431CCZ/ |LM431BCZ/ | LM431ACZ/ ‘Coie 
LM431CCZ LM431BCZ LM431ACZ 703A 
LM431ClZ/ LM431BIZ/ LM431AIZ/ 40°C to +85°C 
LM431CIZ LM431BIZ LM431AIZ 
SO-8 LM431CCM/ | LM431BCM/ | LM431ACM/ 0°C to +70°C 
431CCM 431BCM LM431ACM 
LM431CIM/ LM431BIM/ LM431AIM/ : ‘ 
431CIM | 431BIM LM431AIM =e JOBS 
SOT-23 LM431CCM3/ | LM431BCM3/ | LM431ACM3/ 0°C to +70°C 
N1B N1D N1F 
LM431CIM3 | LM431BIM3_ | LM431AIM3 i 4 
micro SMD LM431AIBP , -, | 250 Units Tape and Reel 
pee ee a! LM431AIBPX(Note 1) ils cia 3k Units Tape and Reel Poeun 


Note 1: The micro SMD package marking is a 1 digit manufacturing Date Code only 















Rails and Tape &Reel 





Rails and Tape &Reel 


micro SMD Top View Marking Example 
X = Date Code 


Pin 1 Identifier 


DS010055-56 
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Symbol and Functional Diagrams 


LM431 


Cathode 


Ref 


Anode 
DS010055-99 


DC Test Circuits 


“bs010055-4 


FIGURE 1. Test Circuit for Vz = Vrer 


Cathode 





e 
Anode 
DS010055-55 
\ ———— 
IN Vz 
R1 
lReF 
—_—» 
7 

R2 VREF 


| “DS010085-5 
Note: Vz = Vrer (1 + RI/R2) + Ipere R1 
FIGURE 2. Test Circuit for Vz > Vre- 


Vz 


| iy OFF 


DS010055-6 


FIGURE 3. Test Circuit for Off-State Current 
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National Semiconductor 


LM4431 
Micropower Shunt Voltage Reference 


General Description ™ Tolerates capacitive loads 


m Fixed reverse breakdown voltage of 2.50V 
Ideal for space critical applications, the LM4431 voltage ref- Se ae eng tn : 


erence is available in the sub-miniature (8mm x 1.3 mm) ag: 2 

SOT-23 surface-mount package. The reais advanced Key Specifications 

design eliminates the need for an external stabilizing capaci- ™ Output voltage tolerance 25°C: +2.0% (max) 

tor while ensuring stability with any capacitive load, thus m Low output noise (10 Hz to 10 kHz): 35 uV,ng. (typ) 
making the LM4431 easy to use. The operating current m Wide operating current range: 100 pA to 15 mA 
range is 100 pA to 15 mA. = Commercial temperature range: 0°C to +70°C 

The LM4431 utilizes fuse and zener-zap reverse breakdown sm ~Low temperature coefficient: 30 ppm/°C (typ) 
voltage trim during wafer sort to ensure that the parts have 

an accuracy of better than +2.0% at 25°C. Bandgap refer- Applications 

ence temperature drift curvature correction and low dynamic 


Product Testing 
Power Supplies 


= Small package: SOT-23 
= No output capacitor required 


impedance ensure stable reverse breakdown voltage accu. ® Portable, Battery-Powered Equipment 
racy over a wide range of operating temperatures and cur- ™ Data Acquisition Systems 
rents. = Instrumentation 
m™ Process Control 
Features m Energy Management 
= 
" 


Connection Diagram 





SOT-23 
1 
+ 3* 
2 
DS011374-1 
* This pin must be left floating or connected to pin 2. 
Top View 
Order Number LM4431M3-2.5 
See NS Package Number M03B 
(JEDEC Registration TO-236AB) | 


SOT-23 Package Marking Information 


Only three fields of marking are possible on the SOT-23’s small surface. The following table gives the meaning of the three 
fields. 


Part Marking Field Definition 


S2E First Field: 
S = Reference 


Second Field: 
2 = 2.500V Voltage Option 
Third Field: 
E = Initial Reverse Breakdown Voltage Tolerance of +2.0% 
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LM611 



























LM611 


General Description 


The LM611 consists of a single-supply op-amp and a pro- 
grammabie voltage reference in one space saving 8-pin 
package. The op-amp out-performs most single-supply 
op-amps by providing higher speed and bandwidth along 
with low supply current. This device was specifically de- 
signed to lower cost and board space requirements in trans- 
ducer, test, measurement and data acquisition systems. 


Combining a stable voltage reference with a wide output 
swing op-amp makes the LM611 ideal for single supply 
transducers, signal conditioning and bridge driving where 
~ large common-mode signals are common. The voltage refer- 
ence consists of a reliable band-gap design that maintains 
low dynamic output impedance (1Q typical), excellent initial 
tolerance (0.6%), and the ability to be programmed from 
1.2V to 6.3V via two external resistors. The voltage refer- 
ence is very stable even when driving large capacitive loads, 
as are commonly encountered in CMOS data oan 
systems. 


As a member of National’s Super-Biock™ family, the LM611 
is a space-saving monolithic alternative to a multi-chip solu- 
tion, offering a high level of integration without sacrificing 
performance. 


~Connection Diagrams 


ANODE 
FEEDBACK 
CATHODE 


7 





n/c 
N/c 
ANODE 
FEEDBACK 


CATHODE 


SUBSTRATE 
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National Semiconductor 


Operational Amplifier and Adjustable Reference 


Features 


OP AMP 

m Low operating current: 300 pA (op amp) 

= Wide supply voltage range: 4V to 36V 

m Wide common-mode range: v- to (V*-1.8V) 

= Wide differential input voltage: +36V 

m@ Available in low cost 8-pin DIP 

m Available in plastic package rated for Military. 
Temperature Range Operation 

REFERENCE 

m Adjustable output voltage: 

m@ Tight initial tolerance available: 

= Wide operating current range: 

m Reference floats above ground 

m= Tolerant of load capacitance 


1.2V to 6.3V 
+0.6% 
17 pA to 20 mA 


Applications 

m Transducer bridge driver 

m Process and Mass Flow Control systems 
m Power supply voltage monitor 

m= Buffered voltage references for A/D’s 
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LM613 


National Semiconductor 


Dual Operational Amplifiers, Dual Comparators, and 


Adjustable Reference 


General Description 


The LM613 consists of dual op-amps, dual comparators, and 
a programmable voltage reference in a 16-pin package. The 
op-amps out-performs most single-supply op-amps by pro- 
viding higher speed and bandwidth along with low supply 
current. This device was specifically designed to lower cost 
and board space requirements in transducer, test, measure- 
ment, and data acquisition systems. _ 


Combining a stable voltage reference with wide output swing 
op-amps makes the LM613 ideal for single supply transduc- 
ers, signal conditioning and bridge driving where large 
common-mode-signals are common. The voltage reference 
consists of a reliable band-gap design that maintains low dy- 
namic output impedance (1Q typical), excellent initial toler- 
ance (0.6%), and the ability to be programmed from 1.2V to 
6.3V via two external resistors. The voltage reference is very 
stable even when driving large capacitive loads, as are com- 
monly encountered in CMOS data acquisition systems. 

As a member of National's Super-Block™ family, the LM613 
is a space-saving monolithic alternative to a multi-chip solu- 
tion, offering a high level of integration without sacrificing 
performance. 


Connection Diagram 





DS009226-1 
Top View 
E Package Pinout 


" =IN- Comp Comp -IN 
Comp Out Out Comp 
(1) (1) (4) (4) 





Out Feed Cath Out 
Amp Back ode Amp 
(2) 


DS009226-48 


Features 


OP AMP 
m= Low operating current (Op Amp): 300 pA 
m Wide supply voltage range: 4V to 36V 


m Wide common-mode range: V~ to (V* - 1.8V) 


m= Wide differential input voltage: +36V 


m Available in plastic package rated for Military Temp. 


Range Operation 
REFERENCE 
m Adjustable output voltage: 1.2V to 6.3V 
m Tight initial tolerance available: +0.6% 


m Wide operating current range: 17 pyAto 20 mA 


m™ Tolerant of load capacitance 


Applications 


m Transducer bridge driver 

m Process and mass flow control systems 
m Power supply voltage monitor 

m= Buffered voltage references for A/D’s 


Ultra Low Noise, 10.00V Reference. 
Total output noise is typically 14 UVans- 


*10k must be low 
t.c. trimpot 
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National Semiconductor 


LM614 


Quad Operational Amplifier and Adjustable Reference 


General Description 


The LM614 consists of four op-amps and a programmabie 
_voltage reference in a 16-pin package. The op-amp 
out-performs most single-supply op-amps by providing 
higher speed and bandwidth along with low supply current. 
This device was specifically designed to lower cost and 
board space requirements in transducer, test, measurement 
and data acquisition systems. | 


Combining a stable voltage reference with four wide output 
swing op-amps makes the LM614 ideal for single supply 


| transducers, signal conditioning and bridge driving where 


large common-mode-signals are common. The voltage ref- 
— erence consists of a reliable band-gap design that maintains 
low dynamic output impedance (1Q typical), excellent initial 
tolerance (0.6%), and the ability to be programmed from 
1.2V to 6.3V via two external resistors. The voltage refer- 
ence is very stable even when driving large capacitive loads, 
as are commonly encountered in CMOS data acquisition 
systems. 
As a member of Nationals new Super-Block™ family, the 
LM614 is a space-saving monolithic alternative to a multichip 
solution, offering a high level of integration without sacrificing 
performance. 


Connection Diagram 


Features 

Op Amp 

m Low operating current: 300 vA 

m Wide supply voltage range: 4V to 36V 

m Wide common-mode range: V ~ to (V*—- 1.8V) 

= Wide differential input voltage: +36V 

m Available in plastic package rated for Military 
Temperature Range Operation 

Reference 

= Adjustable output voltage: 

= Tight initial tolerance available: 

m= Wide operating current range: 

Tolerant of load capacitance 


1.2V to 6.3V 
+0.6% | 
17 pA to 20 mA | 


Applications 

= Transducer bridge driver and signal processing 
m Process and mass flow control systems 

m Power supply voltage monitor 

= Buffered voltage references for A/D’s 





Ordering Information 









Reference 
Tolerance & Vos 








+0.6%@ 
80 ppm/"C max 
V os $3.5 mV max 


LM614AMJ/883 (Note 13) 


+2.0%@ 
150 ppm/*C max 
V os < 5.0 mV 
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Temperature Range 


Military Industrial Commercial 
~55°C < T, < +125°C -40°C < T, < +85°C | OC <T,<+70°C |. 





LM614IWM 
LM614IWMX 


DS009326-1 





Package 






16-pin Ceramic DIP 

















LM614CWM 
LM614CWMX 


16-pin Wide 
Surface Mount 
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LMV431/LMV431A/LMV431B 
Low-Voltage (1.24V) Adjustable Precision Shunt 
Regulators 


General Description Features 


The LMV431, LMV431A and LMV431B are precision 1.24V. = Low Voltage Operation/Wide Adjust Range (1.24V/30V) 
shunt regulators capable of adjustment to 30V. Negative sm 0.5% Initial Tolerance (LMV431B) 

feedback from the cathode to the adjust pin controls the ™ Temperature Compensated for Industrial Temperature 
cathode voltage, much like a non-inverting op amp configu- Range (39 PPM/°C for the LMV431Al) 


GLEvAWN V/V LEVAWTV/LEPAWT 


ration (Refer to Symbol and Functional diagrams). A two re- = Low Operation Current (55/A) 
sistor voltage divider terminated at the adjust pin controls the —g_ | ow Output Impedance (0.252) 
gain of a 1.24V band-gap reference. Shorting the cathode to = Fast Turn-On Response 

the adjust pin (voltage follower) provides a cathode voltage ae sweet 


of a 1.24V. 


The LMV431, LMV431A and LMV431B have respective ini- . . 

tial tolerances of 1.5%, 1% and 0.5%. The LMV431 and Applications 

LMV431A are available in commercial and Industrial tem- Shunt Regulator 

perature ranges. The LMV431B is only available in commer- Series Regulator 

cial temperature range. Current Source or Sink 

The LMV431, LMV431A and LMV431B functionally lends Voltage Monitor 

themselves to several applications that require zener diode Error Amplifier 

type performance at low voltages. Applications include a 3V 3V Off-Line Switching Regulator 
to 2.7V low drop-out regulator, an error amplifier in a 3V Low Dropout N-Channel Series Regulator 
off-line switching regulator and even as a voltage detector. 

These parts are typically stable with capacitive loads greater 

than 10nF and less than 50pF. 


The LMV431, LMV431A and LMV431B provide performance 
at a competitive price. 


Connection Diagrams 


TO92: Plastic Package SOT23-5 


*NCEL 5 L_] Anode 





emma emma pHs *NCL]2 
' ve vt ¢ 





baw dd baewd twee Jd 
Vv NT Cathode [_j 3 41_] Ref 
ANODE DS100958-44 
DS100958-1 *Pin 1 is not internally connected. 


Top View *Pin 2 is internally connected to Anode pin. Pin 2 should be either floating 
or connected to Anode pin. 


Top View 
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LMV431/LMV431A/LMV431B 


Symbol and Functional Diagrams 


Cathode | enieae © 
C) 
Ref 


Anode 
DS100958-59 





Simplified Schematic 


Cathode 


Band Gap 
Nd 
60 mV 





DS100958-3 


Ordering Information 


Package Temperature ‘Voltage Tolerance Part Number Package Marking Drawing 
Range 4 Number 


TO#2 | Industrial Range 
~407C to 485°C 
Commeral Range Z00h 
oto +70'C 
SOTS-5 | Industral Range 
40 to 485°C 
NOC 






























Commercial Range 
0°C to +70°C 
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DC/AC Test Circuits for Table and Curves 


DS100958-4 


FIGURE 1. Test Circuit for Vz = Vrer 





“Ds100958-5 
Vz = Vrer (1 + R1/R2) + IRere R1 


FIGURE 2. Test Circuit for Vz > Vrer 


FIGURE 3. Test Circuit for Off-State Current 


15-51 


www.national.com 


GLEVAWT/V LEVPAW T/LEVAW 




















(V 


Section 16 
Voltage Regulators - Linear 





www.national.com 





Section 16 Contents 


Linear Voltage Regulators Selection Guide ........ 0... 0.0.0 ees 16-3 
Voltage Regulators Definition Of Terms .......... 0... eee 16-5 
LM105/LM305/LM305A Voltage Regulators ...... 0.0... c ec ee ees 16-6 
LM109/LM309 5-Volt Regulator........ Tete eee eee ee ee ee ee 16-7 
LM117/LM317A/LM317 3-Terminal Adjustable Regulator............... cece eee ee eee 16-8 
LM117HV/LM317HV 3-Terminal Adjustable Regulator ....... 02.00. c eee eee eee 16-9 
LM123/LM323A/LM323 3-Amp, 5-Volt Positive Regulator............00ceeeee eee eee 16-11 
LM133/LM333 3-Ampere Adjustable Negative Regulators. ........... 0... c eee eee 16-12 
LM137/LM337 3-Terminal Adjustable Negative Regulators ................. 0. eee 16-13 
LM137HV/LM337HV 3-Terminal Adjustable Negative Regulators (High Voltage) ......... 16-14 
LM138/LM338 5-Amp Adjustable Regulators .......... 0.00 cece eee eee 16-15 
LM340/LM78MXX Series 3-Terminal Positive Regulators ............ 000 ee eee eee 16-16 
LM150/LM350A/LM350 3-Amp Adjustable RegulatorS.......... 2.0.00. eee 16-17 
LM317L 3-Terminal Adjustable Regulator............. 000 cee eee ee 16-18 
LM320L/LM79LXXAC Series 3-Terminal Negative Regulators..................-00005- 16-20 
ELMs25 Dual- Voltage: ReGuidiON ici bared cad ek eed tebe ieee Sabet ade ees 16-21 
LM330 3-Terminal Positive Regulator........... 0... eee 16-22 
LM337L 3-Terminal Adjustable Regulator.........0. 0.0.0. es 16-23 
LM341/LM78MXX Series 3-Terminal Positive Voltage Regulators..................... 16-24 
LM723/LM723C Voltage Regulator. ....... 0... cc eee tte eee 16-25 
LM78XX Series Voltage Regulators .......... 00 ccc eee es 16-27 
LM78LXX Series 3-Terminal Positive Regulators... ........ 00 ccc eee eee eee 16-29 
LM79XX Series 3-Terminal Negative Regulators .......... 0.0.0: eee ee 16-30 
LM79MXX Series 3-Terminal Negative Regulators.......... 0.0.0.0: eee 16-31 


www.national.com 16-2 


National Semiconductor 





Linear Voltage Regulators Selection Guide 


Positive Regulators 
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Linear Voltage Regulators Selection Guide 


Negative Regulators 


























































































Quiescent Gaatsiic 
Output Output Current Max Input Max Load P g Package ae 
: ; Temp fee cad Additional 
Current Voltage or Min Voltage Regulation Brine Availability eatiras 
(A) (V) Load (mA) (V) 9 (Note 4) 
(Note 3) 
(Note 1) 


ee a 
a oitary 


ee eel 

ae 

500 mA Adj. (-1.2 to -37) H | 
Adj. (-1.2 to —37) | 40 
= 

ed 


aes 
ee 
Loe 
ae 


~35 (Note 2 


-30 
-40. 1. 

: 

: 

[80 [48 [Bet Commerce | 

: 
5 


1.5A LM120 -5, -12, -15 ae 
-—35 (Note 2) a ae Ext Commercial 


8 1D a5 
) 
) 


3A | LM133 | Adj. (-1.2 to -32 Military 
| LM333__—_| Adj. (-1.2 to -32) Industrial 

Note 1: Max quiescent current for fixed or minimum load for adjustables. 
Note 2: Maximum input voltage is -25V for -5V version. 
Note 3: Operating temp range: 

Commercial = 0°C to +70°C 

Ext Commercial = 0°C to +125°C 

Industrial = -40°C to +125°C 

Military = -55°C to +150°C 
Note 4: Under Package Availability, the letter identifies the type of package. 

H = Metal Can (TO-99) , 

J = Ceramic Dual-In-Line Package 

K = Metal Can (TO-3) 

N = Molded Dual-In-Line Package 

M = SOIC 

MP = SOT223 (3 Lead Surface Mount) 

S = TO-263 (Power Surface Mount) 

T = TO-220 

WG = Ceramic SOIC 

Z = TO-92 
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National Semiconductor 


Voltage Regulators 
Definition Of Terms 


Current-Limit Sense Voltage: The voltage across the 
current-limit terminals required to cause the regulator to 
current-limit with a short circuited output. This voltage is 
used to determine the value of the external current-limit re- 
sistor when external booster transistors are used. 


Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduction 
in input voltage. 

Feedback Sense Voltage: The voltage, referred to ground, 
on the feedback terminal of the regulator while it is operating 
in regulation. 


Input Voltage Range: The range of dc input voltages over 
which the regulator will operate within specifications. 


Line Regulation: The change in output voltage for a change 
in the input voltage. The measurement is made under condi- 
tions of low dissipation or by using pulse techniques such 
that the average chip temperature is not significantly af- 
fected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long term Stability: Output voltage stability under acceler- 
ated life-test conditions at 125°C with maximum rated volt- 
ages and power dissipation for 1000 hours. 


Maximum Power Dissipation: The maximum total device 
dissipation for which the regulator will operate within specifi- 
cations. 


16-5 


Output Input Voltage Differential: The voltage difference 
between the unregulated input voltage and the regulated 
output voltage for which the regulator will operate within 
specifications. 


Output Noise Voltage: The RMS ac voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 


Output Voltage Range: The range of regulated output volt- 
ages over which the specifications apply. 


Output Voltage Scale Factor: The output voltage obtained 
for a unit value of resistance between the adjustment termi- 
nal and ground. | 


Quiescent Current: That part of the input current to the 
regulator that is not delivered to the load. 


Ripple Rejection: The line regulation for ac input signals at 
or above a given frequency with a specified value of bypass 
capacitor on the reference bypass terminal. 


Standby Current Drain: The part of the operating current of 
the regulator which does not contribute to the load current. 
(See Quiescent Current) 

Temperature Stability: The percentage change in output 
voltage for a thermal variation from room temperature to ei- 
ther temperature extreme. 

Thermal Regulation: Percentage change in output voltage 
for a given change in power dissipation over a specified time 
period. 
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LM105/LM305/LM305A 
Voltage Regulators 


General Description 


The LM105 series are positive voltage regulators similar to 
the LM100, except that an extra gain stage has been added 
for improved regulation. A redesign of the biasing circuitry re- 
moves any minimum load current requirement and at the 
same time reduces standby current drain, permitting higher 
voltage operation. They are direct, plug-in replacements for 
the LM100 in both linear and switching regulator circuits with 
output voltages greater than 4.5V. Important characteristics 
of the circuits are: 


¢ Output voltage adjustable from 4.5V to 40V 

¢ Output currents in excess of 10A possible by adding ex- 
ternal transistors 

e Load regulation better than 0.1%, full load with current 
limiting — : 


Schematic and Connection Diagrams 


FEEDBACK 





GROUND 


UNREGULATED INPUT 


BOOSTER OUTPUT 


CURRENT LIMIT 


REGULATED OUTPUT 


COMPENSATION 
SHUTDOWN 


National Semiconductor 


¢ DC line regulation guaranteed at 0.03%/V 
e Ripple rejection on 0.01%V 
e 45 mA output current without external pass transistor 
(LM305A) : | 
Like the LM100, they also feature fast response to both load 
and line transients, freedom from oscillations with varying re- 
sistive and reactive loads and the ability to start reliably on 
any load within rating. The circuits are built on a single silicon 
chip and are supplied in a TO-99 metal can. 
The LM105 is specified for operation for -55°C < Ty, < 
+125°C, and the LM305/LM305A is specified for 0°C < Ty < 
+70°C. 


Metal Can Package 
REGULATED OUTPUT 







CURRENT 


umir (1) 


BOOSTER 
OUTPUT 


COMPENSATION 
SHUTDOWN 
(6) FEEDBACK 


(5) REFERENCE 


UNREGULATED (3) 
INPUT BYPASS 


GROUND 
DS007755-3 
Top View 
Order Number LM105H, LM105H/883, 
SMD #5962-8958801, LM305H or LM305AH 
See NS Package Number H08C 


REFERENCE BYPASS 


DS007755-1 
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National Semiconductor 


LM109/LM309 
5-Volt Regulator 


General Description 


The LM109 series are complete 5V regulators fabricated on 
a single silicon chip. They are designed for local regulation 
on digital logic cards, eliminating the distribution problems 
association with single-point regulation. The devices are 
available in two standard transistor packages. In the 
solid-kovar TO-5 header, it can deliver output currents in ex- 
cess of 200 mA, if adequate heat sinking is provided. With 
the TO-3 power package, the available output current is 
greater than 1A. 


The regulators are essentially blowout proof. Current limiting 
is included to limit the peak output current to a safe value. In 
addition, thermal shutdown is provided to keep the IC from 
overheating. If internal dissipation becomes too great, the 
regulator will shut down to prevent excessive heating. 


Considerable effort was expended to make these devices 
easy to use and to minimize the number of external compo- 
nents. It is not necessary to bypass the output, although this 


Schematic Diagram 
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does improve transient response somewhat. Input bypass- 
ing is needed, however, if the regulator is located very far 
from the filter capacitor of the power supply. Stability is also 
achieved by methods that provide very good rejection of load 
or line transients as are usually seen with TTL logic. 
Although designed primarily as a fixed-voltage regulator, the 
output of the LM109 series can be set to voltages above 5V, 
as shown. It is also possible to use the circuits as the control 
element in precision regulators, taking advantage of the 
good current-handling capability and the thermal overload 
protection. 


Features 


m Specified to be compatible, worst case, with TTL and 
DTL 

= Output current in excess of 1A 

m Internal thermal overload protection 

m No external components required 


INPUT 


OUTPUT 


4Q 


GROUND 
DS007138-1 
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LM117/LM317A/LM317 


LM117/LM317A/LM317 


AY vationat Semiconductor 


3-Terminal Adjustable Regulator 


General Description 


The LM117 series of adjustable 3-terminal positive voltage 
regulators is capable of supplying in excess of 1.5A over a 
1.2V to 37V output range. They are exceptionally easy to 
use and require only two external resistors to set the output 
voltage. Further, both line and load regulation are better than 
standard fixed regulators. Also, the LM117 is packaged in 
standard transistor packages which are easily mounted and 
handled. . 


In addition to higher performance than fixed regulators, the 
LM117 series offers full overload protection available only in 
IC’s. Included on the chip are current limit, thermal overload 
protection and safe area protection. All overload protection 
circuitry remains fully functional even if the adjustment termi- 
nal is disconnected. 


Normally, no capacitors are needed unless the device is situ- 
ated more than 6 inches from the input filter capacitors in 
which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejection ratios which are difficult to achieve with stan- 
dard 3-terminal regulators. 


Besides replacing fixed regulators, the LM117 is useful in a 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 


Typical Applications 


1.2V-—25V Adjustable Regulator 
LM117 


Vout't 


uF 





DS009063-1 


Full output current not available at high input-output voltages 
*Needed if device is more than 6 inches from filter capacitors. 


+Optional — improves transient response. Output capacitors in the range 
of 1 WF to 1000 pF of aluminum or tantalum electrolytic are commonly 
used to provide improved output impedance and rejection of transients. 


R2 | 
ttVout = 1.25V (1 + “4 + lapy(Re) 


www.national.com 





age, supplies of several hundred volts can be regulated as 
long as the maximum input to output differential is not ex- 
ceeded, i.e., avoid short-circuiting the output. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by connecting 
a fixed resistor between the adjustment pin and output, the 
LM117 can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1.2V where most loads draw little current. 

For applications requiring greater output current, see LM150 
series (3A) and LM138 series (5A) data sheets. For the 
negative complement, see LM137 series data sheet. 


Features 

m Guaranteed 1% output voltage tolerance (LM317A) 
m= Guaranteed max. 0.01%/V line regulation (LM317A) 
m Guaranteed max. 0.3% load regulation (LM117) 

m Guaranteed 1.5A output current 

m= Adjustable output down to 1.2V 

m Current limit constant with temperature 

m P* Product Enhancement tested 

= 80 GB ripple rejection 

® Output is short-circuit protected 


LM117 Series Packages 


Part Number Design 
Load 


Current 


Package 


-SOT-223 vs D-Pak (TO-252) 





Packages 
ern a eS fa—aoo} 
SOT-223 TO-252 
DS009063-54 
- Scale 1:1 
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National Semiconductor 


LM117HV/LM317HV 


3-Terminal Adjustable Regulator 


General Description 


The LM117HV/LM317HV are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 1.5A 
over a 1.2V to 57V output range. They are exceptionally 
easy to use and require only two external resistors to set the 
output voltage. Further, both line and load regulation are bet- 
ter than standard fixed regulators. Also, the LM117HV is 
packaged in standard transistor packages which are easily 
mounted and handled. 


In addition to higher performance than fixed regulators, the 
LM117HV series offers full overload protection available only 
in IC’s. Included on the chip are current limit, thermal over- 
| load protection and safe area protection. All overload protec- 
tion circuitry remains fully functional even if the adjustment 
terminal is disconnected. 


Normally, no capacitors are needed unless the device is situ- 
ated more than 6 inches from the input filter capacitors in 
which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejections ratios which are difficult to achieve with 
standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM117HV is useful in 
a wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input to output differential is not ex- 
ceeded, i.e. do not short the output to ground. 


Typical Applications 


Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by connecting 
a fixed resistor between the adjustment and output, the 
LM117HV can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1.2V where most loads draw little current. 

The LM117HVK STEEL and LM317HVK STEEL are pack- 
aged in standard TO-3 transistor packages, while the 
LM117HVH and LM317HVH are packaged in a solid Kovar 
base TO-39 transistor package. The LM317HVT uses a TO- 
220 plastic package. The LM117HV is rated for operation 
from -55°C to +150°C, and the LM317HV from 0°C to 
+125°C. 


Features 

m™ Adjustable output down to 1.2V 

m™ Guaranteed 1.5A output current 

m Line regulation typically 0.01%/V 

m@ Load regulation typically 0.1% 

Current limit constant with temperature 
100% electrical burn-in 

Eliminates the need to stock many voltages 
Standard 3-lead transistor package 

80 dB ripple rejection 

Output is short-circuit protected 

P* Product Enhancement tested 


1.2V-45V Adjustable Regulator 
LM117HV 


Vin —48V 


Full output current not available at high input-output voltages 





DS009062-1 


tOptional — improves transient response. Output capacitors in the range of 1 pF to 1000 uF of aluminum or tantalum electrolytic 
are commonly used to provide improved output impedance and rejection of transients. 


*Needed if device is more than 6 inches from filter capacitors. 


R2 
TtVout = 1.25V (1 + | + lapg Ra 
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LM117HV/LM317HV 


Typical Applications (Continued) 


Digitally Selected Outputs 
LM117HV 


Vin VouT 


240 





INPUTS 
DS009062-2 


*Sets maximum Vout 


www.national.com 


5V Logic Regulator with 
Electronic Shutdown* 
LM117HV 








Viny 7V—-35V Vin Vout 


DS009062-3 


*Min. output ~ 1.2V 
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National Semiconductor 


LM123/LM323A/LM323 


3-Amp, 5-Volt Positive Regulator 


General Description 


The LM123 is a three-terminal positive regulator with a pre- 
set 5V output and a load driving capability of 3 amps. New 
circuit design and processing techniques are used to provide 
the high output current without sacrificing the regulation 
characteristics of lower current devices. 


The LM323A offers improved precision over the standard 
LM323. Parameters with tightened specifications include 
output voltage tolerance, line regulation, and load regulation. 


The 3 amp regulator is virtually blowout proof. Current limit- 
ing, power limiting, and thermal shutdown provide the same 
high level of reliability obtained with these techniques in the 
LM109 1 amp regulator. 


No external components are required for operation of the 
LM123. If the device is more than 4 inches from the filter ca- 
pacitor, however, a 1 uF solid tantalum capacitor should be 
used on the input. A 0.1 UF or larger capacitor may be used 
on the output to reduce load transient spikes created by fast 
switching digital logic, or to swamp out stray load capaci- 
tance. 


Connection Diagram 


An overall worst case specification for the combined effects 
of input voltage, load currents, ambient temperature, and 
power dissipation ensure that the LM123 will perm satis- 
factorily as a system element. 

For applications requiring other voltages, see LM150 series 
adjustable regulator data sheet. 

Operation is guaranteed over the junction temperature range 
-—55°C to +150°C for LM123, —-40°C to +125°C for LM323A, 
and 0°C to +125°C for LM323. A hermetic TO-3 package is 
used for high reliability and low thermal resistance. 


Features 

Guaranteed 1% initial accuracy (A version) 
3 amp output current 

Internal current and thermal limiting 

0.01Q typical output impedance 

7.5V minimum input voltage 

30W power dissipation 

P* Product Enhancement tested 


Metal Can Package 


GND 


OUTPUT ~~ (CASE) 


O 


INPUT < 


O 


DS007771-2 


Order Number LM123K STEEL, LM323AK STEEL or LM323K STEEL 
See NS Package Number K02A 
Order Number LM123K/883 
See NS Package Number K02C 


Typical Applications 


Basic 3 Amp Regulator 


TANTALUM 


*Required if LM123 is more than 4" from filter capacitor. 
tRegulator is stable with no load capacitor into resistive loads. 
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O Vout +5V 


0.1p.F 


DS007771-3 
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LM133/LM333 


National Semiconductor 


3-Ampere Adjustable Negative Regulators 


General Description 


The LM133/LM333 are adjustable 3-terminal negative volt- 
age regulators capable of supplying in excess of -3.0A over 
an output voltage range of -1.2V to -32V. These regulators 
are exceptionally easy to apply, requiring only 2 external re- 
sistors to set the output voltage and 1 output capacitor for 
frequency compensation. The circuit design has been opti- 
mized for excellent regulation and low thermal transients. 
Further, the LM133 series features internal current limiting, 
thermal shutdown and safe-area compensation, making 
them substantially immune to failure from overloads. 

The LM133/LM333 serve a wide variety of applications in- 
cluding local on-card regulation, programmable-output volt- 
age regulation or precision current regulation. The LM133/ 
LM333 are ideal complements to the LM150/LM350 
adjustable positive regulators. 


Connection Diagrams 


TO-3 
Metal Can Package 


© Vout 


CASE IS 
ADJUST —Vin 
° 





DS009065-1 


Bottom View 
Steel TO-3 Metal Can Package (K STEEL) 
Order Number LM133K STEEL or 
LM333K STEEL 
See NS Package Number K02A 


Features 

m= Output voltage adjustable from —1.2V to -32V 
m 3.0A output current guaranteed, -55°C to +150°C 
m Line regulation typically 0.01%/V 

@ Load regulation typically 0.2% 

m Excellent rejection of thermal transients 

m™ 50 ppm/C temperature coefficient 

= Temperature-independent current limit 

m Internal thermal overload protection 

m P* Product Enhancement tested 

m Standard 3-lead transistor package 

m™ Output is short circuit protected 


TO-220 
Plastic Package 


TABIS 
—Vin 


ADJUST Vout 
VIN 
DS009065-2 
Front View 
3-Lead TO-220 Plastic Package (T) 
Order Number LM333T 
See NS Package Number T03B 
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LM137/LM337 


National Semiconductor 


3-Terminal Adjustable Negative Regulators 


General Description 


The LM137/LM337 are adjustable 3-terminal negative volt- 
age regulators capable of supplying in excess of —1.5A over 
an output voltage range of -1.2V to -37V. These regulators 
are exceptionally easy to apply, requiring only 2 external re- 
sistors to set the output voltage and 1 output capacitor for 
frequency compensation. The circuit design has been opti- 
mized for excellent regulation and low thermal transients. 
Further, the LM137 series features internal current limiting, 
thermal shutdown and safe-area compensation, making 
them virtually blowout-proof against overloads. 

The LM137/LM337 serve a wide variety of applications in- 
cluding local on-card regulation, programmable-output volt- 
age regulation or precision current regulation. The LM137/ 
LM337 are ideal complements to the LM117/LM317 
adjustable positive regulators. 


Features 

= Output voltage adjustable from —1.2V to -37V 
1.5A output current guaranteed, —55°C to +150°C 
Line regulation typically 0.01%/V 

Load regulation typically 0.3% 

Excellent thermal regulation, 0.002%/W 


Typical Applications 


Adjustable Negative Voltage Regulator 







LM137/ 


—VIN LM337 


-VouT 


DS009067-1 


Full output current not available at high input-output voltages 


R2 
~VouT = —1.25V (1 + =) + ( ~taou x Re] 


+C1 = 1 UF solid tantalum or 10 pF aluminum electrolytic required for 
stability 

*C2 = 1 uF solid tantalum is required only if regulator is more than 4" from 
power-supply filter capacitor 

Output capacitors in the range of 1 pF to 1000 UF of aluminum or tantalum 


electrolytic are commonly used to provide improved output impedance and 
rejection of transients 
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77 GB ripple rejection 

Excellent rejection of thermal transients 
50 ppm/"C temperature coefficient 
Temperature-independent current limit 
Internal thermal overload protection 

P* Product Enhancement tested 
Standard 3-lead transistor package 
Output is short circuit protected 


LM137 Series Packages and Power 
Capability 
Power Load 


Package 

So Dissipation Current 
LM137/337 | TO-3 (K) 20W 1.5A 

peer rosea | ‘ow | oan 


LM337 SOT-223 2W 1A 
(MP) 


Comparison between SOT-223 and 
D-Pak (TO-252) Packages 







Rated Design 













a 





SOT=223 TO=252 


DS009067-31 


Scale 1:1 
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LM137HV/LM337HV 





National Semiconductor 


LM137HV/LM337HV 
3-Terminal Adjustable mene Regulators 
(High Voltage) 


General Description Features 


The LM137HV/LM337HV are adjustable 3-terminal negative Output voltage adjustable from -1.2V to -47V 
voltage regulators capable of supplying in excess of -1.5A 1.5A output current guaranteed, —55°C to +150°C 
over an output voltage range of -1.2V to -47V. These regu- Line regulation typically 0.01%/V 

lators are exceptionally easy to apply, requiring only 2 exter- Load regulation typically 0.3% 

nal resistors to set the output voltage and 1 output capacitor Excellent thermal regulation, 0.002%/W 

for frequency compensation. The circuit design has been op- 77 dB ripple rejection 

timized for excellent regulation and low thermal transients. PP ‘ 

Further, the LM137HV series features internal current limit- Excellent rejection of thermal Mansions 

ing, thermal shutdown and safe-area compensation, making 50 ppm/'C temperature coefficient 

them virtually blowout-proof against overloads. Temperature-independent current limit 


The LM137HV/LM337HV serve a wide variety of applica- © Internal thermal overload protection 
tions including local on-card regulation, | ™ P* Product Enhancement tested 
programmable-output voltage regulation or precision current & Standard 3-lead transistor package 
regulation. The LM137HV/LM337HV are ideal complements  m Output short circuit protected 

~ to the LM117HV/LM317HV adjustable positive regulators. 


Typical Applications 


Adjustable Negative Voltage Regulator 


- LM137HV/ 
VIN LM337HV 





DS009066-1 


R2 
2 4, Sygate ma Pe 
Vout 1.25V (. me) lAdj Ra 


DS009066-25 


+C1 = 1 UF solid tantalum or 10 UF aluminum electrolytic required for stability. Output capacitors in the range of 1 uF to 1000 YF of aluminum or tantalum 
electrolytic are commonly used to provide improved output impedance and rejection of transients. 


*C2 = 1 UF solid tantalum is required only if regulator is more than 4" from power-supply filter capacitor. 
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LM138/LM338 


5-Amp Adjustable Regulators 


General Description 


The LM138 series of adjustable 3-terminal positive voltage 
regulators is capable of supplying in excess of 5A over a 
1.2V to 32V output range. They are exceptionally easy to 
use and require only 2 resistors to set the output voltage. 
Careful circuit design has resulted in outstanding load and 
line regulation—comparable to many commercial power 
supplies. The LM138 family is supplied in a standard 3-lead 
transistor package. 


A unique feature of the LM138 family is time-dependent cur- 
rent limiting. The current limit circuitry allows peak currents 
of up to 12A to be drawn from the regulator for short periods 
of time. This allows the LM138 to be used with heavy tran- 
sient loads and speeds start-up under full-load conditions. 
Under sustained loading conditions, the current limit de- 
creases to a safe value protecting the regulator. Also in- 
cluded on the chip are thermal overload protection and safe 
area protection for the power transistor. Overload protection 
remains functional even if the adjustment pin is accidentally 
disconnected. 


Normally, no capacitors are needed unless the device is situ- 
| ated more than 6 inches from the input filter capacitors in 
which case an input bypass is needed. An output capacitor 
can be added to improve transient response, while bypass- 
ing the adjustment pin will increase the regulator’s ripple re- 
jection. 


Nattonal Semiconductor 


Besides replacing fixed regulators or discrete designs, the 
LM 138 is useful in a wide variety of other applications. Since 
the regulator is “floating” and sees only the input-to-output 
differential voltage, supplies of several hundred volts can be 
regulated as long as the maximum input to output differential 
is not exceeded, i.e., do not short-circuit output to ground. 
The part numbers in the LM138 series which have a K suffix 
are packaged in a standard Steel TO-3 package, while those 
with a T suffix are packaged in a TO-220 plastic package. 
The LM138 is rated for -55°C < T, < +150°C, and the LM338 
is rated for O°C < Ty < +125°C. 


Features 


Guaranteed 7A peak output current 
Guaranteed 5A output current 
Adjustable output down to 1.2V 
Guaranteed thermal regulation 

Current limit constant with temperature 
P* Product Enhancement tested 
Output is short-circuit protected 


Applications 

m Adjustable power supplies 
= Constant current regulators 
mw Battery chargers 


Connection Diagrams (see Physical Dimension section for further information) 


(TO-3 STEEL) 
Metal Can Package 


ADJUSTMENT VIN 


CASE IS 
OUTPUT 


DS009060-30 
Bottom View 
Order Number LM138K STEEL or LM338K STEEL 
See NS Package Number K02A 
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(TO-220) 
Plastic Package 


Vout 


ee VIN 
ee VO 
OT) ADI 


DS009060-31 


Front View 
Order Number LM338T 
See NS Package Number T03B 
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LM340/LM78MXX 





LM340/LM78MXX Series 


National Semiconductor 


3-Terminal Positive Regulators 


General Description 


The LM140/LM340A/LM340/LM7800C monolithic 3-terminal 
positive voltage regulators employ internal current-limiting, 
thermal shutdown and safe-area compensation, making 
them essentially indestructible. If adequate heat sinking is 
provided, they can deliver over 1.0A output current. They are 
intended as fixed voltage regulators in a wide range of appli- 
cations including local (on-card) regulation for elimination of 
noise and distribution problems associated with single-point 
regulation. In addition to use as fixed voltage regulators, 
these devices can be used with external components to ob- 
tain adjustable output voltages and currents. 


Considerable effort was expended to make the entire series 
of regulators easy to use and minimize the number of exter- 
nal components. It is not necessary to bypass the output, al- 
though this does improve transient response. Input bypass- 
ing is needed only if the regulator is located far from the filter 
capacitor of the power supply. 


The 5V, 12V, and 15V regulator options are available in the 
steel TO-3 power package. The LM340A/LM340/LM7800C 
series is available in the TO-220 plastic power package, and 
the LM340-5.0 is available in the SOT-223 package, as well 
as the LM340-5.0 and LM340-12 in the surface-mount 
TO-263 package. 


| Typical Applications 


Fixed Output Regulator 





DS007781-1 


*Required if the regulator is located far from the power supply filter. 


** Although no output capacitor is needed for stability, it does help transient 
response. (If needed, use 0.1 UF, ceramic disc). 


Current Regulator 


LM340-XX 


INPUT 






DS007781-3 


isis 
OUT R1 Q 


Alg = 1.3 mA over line and load changes. 
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Features | 

™ Complete specifications at 1A load | 

m™ Output voltage tolerances of +2% at T; = 25°C and +4% 
over the temperature range (LM340A) 

m Line regulation of 0.01% of Voy7/V of AV; at 1A load 

(LM340A) | 

Load regulation of 0.38% of Voy7/A (LM340A) 

Internal thermal overload protection 

Internal short-circuit current limit 

Output transistor safe area protection 

P* Product Enhancement tested 


Output 
Devi Package 
evice Voltages acKages . 
LM140 TO-3 (K) 


15 
LM340A/LM340 | 5, 12 TO-3 (K), TO-220 (T), 
15 SOT-223 (MP), TO-263 (S) 
LM7800C 5, 8, 12, 
a) ee 


(5V and 12V only) 















TO-220 (T) 


Adjustable Output Regulator 


LM340-5.0 3 


DS007781-2 


Vout = 5V + (5V/R1 + Ig) R2 5V/R1 > 3 Ig, 
load regulation (L,) ~ [(R1 + R2)/R1] (L, of LM340-5). 


Comparison between SOT-223 and D-Pak (TO-252) 


Packages 
ba J 
Gol +h =a) 
SOT-223 TO-252 
DS007781-38 
Scale 1:1 
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LM150/LM350A/LM350 


3-Amp Adjustable Regulators 


General Description 


The LM150 series of adjustable 3-terminal positive voltage 
regulators is capable of supplying in excess of 3A over a 
1.2V to 33V output range. They are exceptionally easy to 
use and require only 2 external resistors to set the output 
voltage. Further, both line and load regulation are compa- 
rable to discrete designs. Also, the LM150 is packaged in 
standard transistor packages which are easily mounted and 
handled. 


In addition to higher performance than fixed regulators, the 
LM150 series offers full overload protection available only in 
IC’s. Included on the chip are current limit, thermal overload 
protection and safe area protection. All overload protection 
Circuitry remains fully functional even if the adjustment termi- 
nal is accidentally disconnected. 


Normally, no capacitors are needed unless the device is situ- 
ated more than 6 inches from the input filter capacitors in 
which case an input bypass is needed. An output capacitor 
can be added to improve transient response, while bypass- 
ing the adjustment pin will increase the regulator’s ripple re- 
jection. 


Besides replacing fixed regulators or discrete designs, the 
LM150 is useful in a wide variety of other applications. Since 
the regulator is “floating” and sees only the input-to-output 
differential voltage, supplies of several hundred volts can be 
regulated as long as the maximum input to output differential 
is not exceeded, i.e., avoid short-circuiting the output. 


By connecting a fixed resistor between the adjustment pin 
and output, the LM150 can be used as a precision current 


Connection Diagrams 


(TO-3 STEEL) 
Metal Can Package 


ADJUSTMENT VIN 


DS009061-4 


Case is Output 


Bottom View 
Order Number LM150K STEEL 
or LM350K STEEL 
See NS Package Number K02A 
Order Number LM150K/883 
See NS Package Number K02C 
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regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads draw 
little current. 

The part numbers in the LM150 series which have a K suffix 
are packaged in a standard Steel TO-3 package, while those 
with a T suffix are packaged in a TO-220 plastic package. 
The LM150 is rated for -55°C < T, < +150°C, while the 
LM350A is rated for -40°C < T, < +125°C, and the LM350 is 
rated for 0°C < T, < +125°C. 


Features 


= Adjustable output down to 1.2V 

= Guaranteed 3A output current 

= Guaranteed thermal regulation 

Output is short circuit protected 

Current limit constant with temperature 

P* Product Enhancement tested 

86 dB ripple rejection 

Guaranteed 1% output voltage tolerance (LM350A) 
Guaranteed max. 0.01%/V line regulation (LM350A) 
Guaranteed max. 0.3% load regulation (LM350A) 


Applications 

m= Adjustable power supplies 
= Constant current regulators 
m= Battery chargers 


(TO-220) 
Plastic Package 
Vout 
L 
ro a VOUT 
TST ADS 


DS009061-5 
Front View 


Order Number LM350AT or LM350T 
See NS Package Number T03B 
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LM317L 


AY vationat Semiconductor. 


3-Terminal Adjustable ee 


_General Description 


The LM317L is. an adjustable 3-terminal positive voltage 


' regulator capable of supplying 100mA over a 1.2V to 37V 


output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Further, 
both line and load regulation are better than standard fixed 
regulators. Also, the LM317L is available packaged in a stan- 


_dard TO-92 transistor package which is easy to use. 


In addition to higher performance than fixed regulators, the 


_LM317L offers full overload protection. Included on the chip 


are current limit, thermal overload protection and safe area 
protection. All overload protection circuitry remains fully func- 
tional even if the adjustment terminal is disconnected. _ 

Normally, no capacitors are needed unless the device is situ- 
ated more than 6 inches from the input filter capacitors in 
which case an input bypass is needed. An optional output 


| capacitor can be added to improve transient response. The 
~ adjustment terminal can be bypassed to achieve very high 


ripple rejection ratios which are difficult to achieve with stan- 
dard 3-terminal regulators. 

Besides replacing fixed regulators, the LM317Li is useful ina 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can.be regulated as 
long as the maximum input-to-output differential is not ex- 
ceeded. 


Connection Diagrams 


TO-92 Plastic package 





BOTTOM VIEW 


DS009064-4 


Also, it makes an especially simple .adjustable switching 
regulator, a programmable output regulator, or by connecting 
a fixed resistor between the adjustment and output, the 
LM317L can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1.2V where most loads draw little current. 

The LM317L is available in a standard TO-92 transistor 
package, the SO-8 package, and 6-Bump micro SMD pack- 
age. The LM317L is rated for operation over a —25°C to 
125°C range. 


Features 

m Adjustable output down to 1.2V 

m Guaranteed 100 mA output current 

Line regulation typically 0.01%V 

Load regulation typically 0.1% 

Current limit constant with temperature 
Eliminates the need to stock many voltages 
Standard 3-lead transistor package 

80 dB ripple rejection 

Available in TO-92, SO-8, or 6-Bump micro SMD 
package 

Output is short circuit protected 

See AN-1112 for micro SMD considerations 


8-Pin SOIC 





DS009064-5 


_ Top View 
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Connection Diagrams (continued) 
micro SMD Laser Mark 


X = Date Code 


6-Bump micro SMD 
7s ¢ 6S ¢ ss 
and NV? \_¢# 
t 7 ss ¢ Ns 


Pin 1 Identifier 
DS009064-50 





IN 
Ds009064-49 


*NC = Not Internally connected. 


Top View 
(Bump Side Down) 


Part Number Package Marking Media Transport NSC Drawing 
TO-92 LM317LZ LM317LZ 1.8k Units per Box Z03A 
8-Pin SOIC LM317LM LM317LM Ps  Rails MO8A 


. | * LM317LIBP F250 Units T d Reel 
é-Bump micro |" LMSI7LIBP nts Tape and Reel | pon sepa 
SMD * LM317LIBPX | = 8k Units Tape and Reel 


Note: The micro SMD package marking is a single digit manufacturing Date Code only. 
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AY national Semiconductor 


LM320L/LM79LXXAC Series 


3-Terminal Negative Regulators 


General Description 


The LM320L/LM79LXXAC dual marked series of 3-terminal 
negative voltage regulators features fixed output voltages of 
—5V, -12V, and -—15V with output current capabilities in ex- 
cess of 100 mA. These devices were designed using the lat- 
est computer techniques for optimizing the packaged IC 
thermal/electrical performance. The LM79LXXAC series, 
even when combined with a minimum output compensation 
capacitor of 0.1 uF, exhibits an excellent transient response, 
a maximum line regulation of 0.07% V/V, and a maximum 
load regulation of 0.01% Vo/mA. 


The LM320L/LM79LXXAC_ series also includes, as 
self-protection circuitry: safe operating area circuitry for out- 
put transistor power dissipation limiting, a temperature inde- 
pendent short circuit current limit for peak output current lim- 
iting, and a thermal shutdown circuit to prevent excessive 
junction temperature. Although designed primarily as fixed 
voltage regulators, these devices may. be combined with 
simple external circuitry for boosted and/or adjustable volt- 


Typical Applications 


Fixed Output Regulator 










LM320LZ - XX 
LM79LXXACZ 


~VouT 
DS007748-1 


*Required if the regulator is located far from the power supply filter. A 1 UF 
aluminum electrolytic may be substituted. 


**Required for stability. A 1 uF aluminum electrolytic may be substituted. 


Adjustable Output Regulator 


LM320L2—5.0 Sy 
LM79L05ACZ 0 


DS007748-3 


-Vo = -5V - (5V/R1 + Iq) © R2, 
5V/R1 > 31g 


ages and currents. The LM79LXXAC series is available in 
the 3-lead TO-92 package, and SO-8; 8 lead package. The 
LM320L series is available in the 3-lead TO-92 package. 
For output voltage other than —5V, -12V and -15V, the 
LM137L series provides an output voltage range from 1.2V 
to 47V. 


Features 

m Preset output voltage error is less than +5% overload, 
line and temperature 

m™ Specified at an output current of 100 mA 

m Easily compensated with a small 0.1 pF output 
capacitor 

m Internal short-circuit, thermal and safe operating area 
protection 

mw Easily adjustable to higher output voltages 

Maximum line regulation less than 0.07% Voy7/V 

m@ Maximum load regulation less than 0.01% Voy7/mA 


Connection Diagrams 


SO-8 Plastic (Narrow Body) 


1, 

“Vout le 8 NC 
Vin 7 -Vin 
~Vin 6F—--Vin 

NC 5|-—GND 
DS007748-4 
Top View 


Order Number LM79L05ACM, LM79L12ACM 
LM79L15ACM, LM79LO5ACMX, 
-_LM79L12ACMX or LM79L15ACMX 
See NS Package Number MO8A 


TO-92 Plastic Package (Z) 
GND | as: | OUTPUT 


INPUT 
DS007748-2 
Bottom View 
Order Number LM320LZ-5.0, LM79L05ACZ, 
LM320LZ-12, LM79L12ACZ, LM320LZ-15 or 
LM79L15ACZ 
See NS Package Number Z03A 
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LM325 
Dual Voltage Regulator 


General Description Features 


This dual polarity tracking regulator is designed to provide +15V tracking outputs 
balanced positive and negative output voltages at current up 
to 100 mA, and is set for +15V outputs. Input voltages up to 
+30V can be used and there is provision for adjustable cur- 
rent limiting. The device is available in two package types to 
accommodate various power requirements and temperature 
ranges. 


Internal current limit 


Schematic and Connection Diagrams 


0 (a) (3) 
Se oe 
QB 
RS 
0(3) 11) 
RG 
Jed ai ane 
; 0 G) (13) 
Ho a 
eae 


as 010 
an : 
15k 


peg rg ea 0 (1) in 

















390 
a | ey o(7) 6) 
oa 
= ai 
C) wo 
(8) (8) 


R35 
300 


033 Ke 
asi 10k 
R23 
ze) et ps 
0 G) (4) 
O(a) (10) 


DS007776-1 
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Output current to 100 mA 

Output voltage balanced to within 2% 
Line and load regulation of 0.06% 
Internal thermal overload protection 
Standby current drain of 3 mA 
Externally adjustable current limit 


Metal Can Package 





DS007776-3 


Case connected to -Vjn 


Top View 
Order Number LM325H 
See NS Package Number H10C 
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LM330 


National Semiconductor 


3-Terminal Positive Regulator 


General Description 


The LM330 5V 3-terminal positive voltage regulator features 
an ability to source 150 mA of output current with an 
input-output differential of 0.6V or less. Familiar regulator 
features such as current limit and thermal overload protec- 
tion are also provided. 


The low dropout voltage makes the LM330 useful for certain 
battery applications since this feature allows a longer battery 


Features 


= Input-output differential less than 0.6V 
m= Output current of 150 mA 
m Reverse battery protection - 
m Line transient protection 
Internal short circuit current limit 


Mirror-image insertion protection 


rT] 
m Internal thermal overload protection 
r 
r 


discharge before the output falls out of regulation. For ex- 
ample, a battery supplying the regulator input voltage may 
discharge to 5.6V and still properly regulate the system and 
load voltage. Supporting this feature, the LM330 protects 
both itself and regulated systems from negative voltage in- 
puts resulting from reverse installations of batteries. 


Other protection features include line transient protection up 
to 26V, when the output actually shuts down to avoid damag- 
ing internal and external circuits. Also, the LM330 regulator 
cannot be harmed by a temporary mirror-image insertion. 


P* Product Enhancement tested 


Schematic and Connection Diagrams 





“ Diy zitiai 


Q19 | : a ! = 
150.0, 
a SN 
Q8 
R5 
4.4k0 ; 


ee 










GND 
DS009306-1 


(TO-220) 
Plastic Package 


GND 








DS009306-2 
Front View 


Order Number LM330T-5.0 
See NS Package Number T03B 


www.national.com 16-22 





LM337L 


National Semiconductor 


3-Terminal Adjustable Regulator 


Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by connecting 
a fixed resistor between the adjustment and output, the 
LM337L can be used as a precision current regulator. Sup- 


General Description 


The LM337L is an adjustable 3-terminal negative voltage 
regulator capable of supplying 100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Further- 
more, both line and load regulation are better than standard 
fixed regulators. Also, the LM337L is packaged in a standard 
TO-92 transistor package which is easy to use. 


In addition to higher performance than fixed regulators, the 
._M337L offers full overload protection. Included on the chip 
are current limit, thermal overload protection and safe area 
protection. All overload protection circuitry remains fully func- 
tional even if the adjustment terminal is disconnected. 


Normally, only a single 1 pF solid tantalum output capacitor 
is needed unless the device is situated more than 6 inches 
from the input filter capacitors, in which case an input bypass 
is needed. A larger output capacitor can be added to improve 
transient response. The adjustment terminal can be by- 
passed to achieve very high ripple rejection ratios which are 
difficult to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM337L is useful in a 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not ex- 
ceeded. 


Connection Diagram 





DS009134-1 


Bottom View 


p 


lies with electronic shutdown can be achieved by clamping 


the adjustment terminal to ground which programs the out- 


p 


ut to 1.2V where most loads draw little current. 


The LM337L is available in a standard TO-92 transistor 


p 


ackage and a SO-8 surface mount package. The LM337L is 


rated for operation over a —-25°C to +125°C range. 
For applications requiring greater output current in excess of 


0.5A and 1.5A, see LM137 series data sheets. For the posi- 
tive complement, see series LM117 and LM317L data 
sheets. 

Features 


Adjustable output down to 1.2V 
Guaranteed 100 mA output current 
Line regulation typically 0.01%/V 
Load regulation typically 0.1% 

. Current limit constant with temperature 
Eliminates the need to stock many voltages 
Standard 3-lead transistor package 
80 dB ripple rejection 
Output is short circuit protected 


Vout 1 8 
Vin 2 7 Vin 
Vin 3 6 Vin 
ADJ 4 5 


DS009134-2 


Top View 


Order Number LM337LM or LM337LZ 
See NS Package Number MO8A or Z03A 


16-23 


www.national.com 


TLEEWT 


LM341/LM78MXxX Series 


AY vational Semiconductor 


LM341/LM78MXX Series 


3-Terminal Positive Voltage Regulators 


| General Description 


The LM341 and LM78MXxX series of three-terminal positive 
voltage regulators employ built-in current limiting, thermal 
shutdown, and safe-operating area protection which makes 
them virtually immune to damage from output overloads. — 
With adequate heatsinking, they can deliver in excess of 
0.5A output current. Typical applications would include local 
(on-card) regulators which can eliminate the noise and de- 
graded performance associated with single-point regulation. 


Connection Diagrams 


Features 

# Output current in excess of 0.5A 

@ No external components 

® Internal thermal overload protection 

® Internal short circuit current-limiting 

® Output transistor safe-area compensation 

@ Available in TO-220, TO-39, and TO-252 D-PAK 
packages 

= Output voltages of 5V, 12V, and 15V 


TO-39 Metal Can Package (H) 


INPUT 


_~ OUTPUT 


GND 
(CASE) 


DS010484-5 


Bottom View 
Order Number LM78M05CH, LM78M12CH or LM78M15CH 
See NS Package Number HO3A 


TO-220 Power Package (T) 





DS010484-6 


Top View 
Order Number LM341T-5.0, LM341T-12, LM341T-15, LM78MO5CT, LM78M12CT or LM78M15CT 
See NS Package Number T03B | 


TO-252 


Tab is 
GND 


Output 


GND 


Input 


DS010484-19 


Top View 
Order Number LM78M05CDT 
See NS Package Number TD03B 
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LM723/LM723C 
Voltage Regulator 


General Description 


The LM723/LM723C is a voltage regulator designed prima- 
rily for series regulator applications. By itself, it will supply 
output Currents up to 150 mA; but external transistors can be 
added to provide any desired load current. The circuit fea- 
tures extremely low standby current drain, and provision is 
made for either linear or foldback current limiting. 


The LM723/LM723C is also useful in a wide range of other 
applications such as a shunt regulator, a current regulator or 
a temperature controller. 


The LM723C is identical to the LM723 except that the 
LM723C has its performance guaranteed over a 0°C to 
+70°C temperature range, instead of —55°C to +125°C. 


Connection Diagrams 


Dual-In-Line Package 


NC 
CURRENT LIMIT 
CURRENT SENSE 


INVERTING INPUT 


NON-INVERTING 
INPUT 


VREF 
ye 


NC 
FREQUENCY 
COMPENSATION 





DS008563-2 


Top View 
Order Number LM723J/883 or LM723CN 
See NS Package J14A or N14A 


Features 


@ 150 mA output current without external pass transistor 
= Output currents in excess of 10A possible by adding 


external transistors 
m Input voltage 40V max 


= Output voltage adjustable from 2V to 37V 


m= Can be used as either a linear or a switching regulator 


Metal Can Package 


CURRENT 
LIMIT 





SENSE 


INPUT 


FREQUENCY 
COMPENSATION 


DS008563-3 


Note: Pin 5 connected to case. 


Top View 
Order Number LM723H, LM723H/883 or LM723CH 
See NS Package H10C 


16-25 


www.national.com 


JECLIN VECZIN| 


LM723/LM723C 


Connection Diagrams (Continued) 


ma FREQ COMP 
oy " 
~IN Vo 
+IN ouT 
VREF Vz 
y- 





DS008563-20 


Top View 
Order Number LM723E/883 
See NS Package E20A 


Equivalent Circuit* 




























FREQUENCY 
vt COMPENSATION 
Vo 
INVERTING 
TEMPERATURE INPUT 
COMPENSATED 
ZENER 
ERROR SERIES PASS 
AMPLIFIER AMPLIFIER TRANSISTOR 
NON-INVERTING Vour 
INPUT 
CURRENT 
LIMITER 
5 = 
vo CURRENT CURRENT 
LIMIT SENSE 
DS008563-4 


*Pin numbers refer to metal can package. 


Typical Application 






LM723 


c REGULATED 
LM723C 


OUTPUT 





DS008563-8 


R1R2 
Note: R3 = RI? R2 


for minimum temperature drift. 


Typical Performance 


Regulated Output Voltage 5V 
Line Regulation (AV; = 3V) 0.5mV 
Load Regulation (Al, = 50 mA) 1.5mV 


FIGURE 1. Basic Low Voltage Regulator 
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LM78XX 
Series Voltage Regulators 


General Description 


The LM78XX series of three terminal regulators is available 
| with several fixed output voltages making them useful in a 
wide range of applications. One of these is local on card 
regulation, eliminating the distribution problems associated 
with single point regulation. The voltages available allow 
these regulators to be used in logic systems, instrumenta- 
tion, HiFi, and other solid state electronic equipment. Al- 
though designed primarily as fixed voltage regulators these 


devices can be used with external components to obtain ad- 


justable voltages and currents. 


The LM78XxX series is available in an aluminum TO-3 pack- 
age which will allow over 1.0A load current if adequate heat 
sinking is provided. Current limiting is included to limit the 
peak output current to a safe value. Safe area protection for 
the output transistor is provided to limit internal power dissi- 
pation. If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit takes 
over preventing the IC from overheating. | 

Considerable effort was expanded to make the LM78XX se- 
ries of regulators easy to use and minimize the number of 
external components. It is not necessary to bypass the out- 


Connection Diagrams 


Metal Can Package 
TO-3 (K) 
Aluminum 


OUTPUT GND 


INPUT 
DS007746-2 


Bottom View 
Order Number LM7805CK, 
LM7812CK or LM7815CK 
See NS Package Number KC02A 
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put, although this does improve transient response. Input by- 
passing is needed only if the regulator is located far from the 
filter capacitor of the power supply. 


For output voltage other than 5V, 12V and 15V the LM117 
series provides an output voltage range from 1.2V to 57V. 


Features 


m= Output current in excess of 1A 


‘@ Internal thermal overload protection 


m No external components required 

= Output transistor safe area protection 

m Internal short circuit current limit 

#@ Available in the aluminum TO-3 package 


Voltage Range 


LM7805C Vv 
LM7812C 12V 
LM7815C 15V 


Plastic Package 
TO-220 (T) 





eee OUTPUT 


| pod GND 


peed INPUT 


GND —> 





DS007746-3 


Top View 
Order Number LM7805CT, 
LM7812CT or LM7815CT 
See NS Package Number T03B 
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LM78XX 


Schematic 
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INPUT 





R16 
0.3 


OUTPUT 


R17 


Veer 


R18 
2.6k 


DS007746-1 
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National Semiconductor 


LM78LXX Series 


SOH9S XX 18ZN1 


3-Terminal Positive Regulators 


General Description 


The LM78LXxX series of three terminal positive regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. When used as a zener 
diode/resistor combination replacement, the LM78LXX usu- 
ally results in an effective output impedance improvement of 
two orders of magnitude, and lower quiescent current. These 
regulators can provide local on card regulation, eliminating 
the distribution problems associated with single point regula- 
tion. The voltages available allow the LM78LXX to be used in 
logic systems, instrumentation, HiFi, and other solid state 
electronic equipment. 

The LM78LXX is available in the plastic TO-92 (Z) package, 
the plastic SO-8 (M) package and a chip sized package 
(8-Bump micro SMD) using National’s micro SMD package 
technology. With adequate heat sinking the regulator can de- 
liver 100 mA output current. Current limiting is included to 
limit the peak output current to a safe value. Safe area pro- 


Connection Diagrams 


SO-8 Plastic (M) 
(Narrow Body) 


a, 
Vout “41° 8F-Vin 
GND 7—GND 
GND 6 f= GND 
NC 5I=NC 
DS007744-2 
Top View 


8-Bump micro SMD 





DS007744-24 


Top View 
(Bump Side Down) 
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tection for the output transistors is provided to limit internal 
power dissipation. If internal power dissipation becomes too 
high for the heat sinking provided, the thermal! shutdown cir- 
cuit takes over preventing the IC from overheating. 


Features 

@ LM78L05 in micro SMD package 

= Output voltage tolerances of +5% over the temperature 
range 

m= Output current of 100 mA 

m Internal thermal overload protection 

= Output transistor safe area protection 

m Internal short circuit current limit 

m Available in plastic TO-92 and plastic SO-8 low profile 
packages 

m No external components 

= Output voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V 


(TO-92) 
Plastic Package (Z) 





GND 
DS007744-3 


Bottom View 


micro SMD Marking Orientation 


XT = Date Code 





a 1 Corner 


Pin 1 is identified by Sower left 
corner with respect to the text. 
DS007744-33 


Top View 
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LM79XX Series 


A nationat Semiconductor 


LM79XX Series 


-3-Terminal Negative Regulators 


General Description 


The LM79XxX series of 3-terminal regulators is available with 
fixed output voltages of —5V,.-12V, and —-15V. These devices 
need only one external component—a compensation ca- 
pacitor at the output. The LM79XX series is packaged in the 
TO-220 power package and is capable of supplying 1.5A of 
output current. . 


_ These regulators employ internal current limiting safe area 


protection and thermal shutdown for protection against virtu- 
ally all overload conditions. 


Low ground pin current of the LM79XX series allows output 
voltage to be easily boosted above the preset value with a 


Connection Diagrams 


TO-220 Package _ 
INPUT 


iS. aaeeieameeteeeeasacaats 
ae 
Eaieer= 5 


OUTPUT 
INPUT 

GROUND 
~ pg007340-14 


Front View 
Order Number LM7905CT, LM7912CT or LM7915CT 
See NS Package Number TO3B 
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resistor divider. The low quiescent current drain of these de- 
vices with a specified maximum change with line and load 
ensures good regulation in the voltage boosted mode. 

For applications requiring other voltages, see LM137 data 
sheet. - 


Features 

= Thermal, short circuit and safe area protection 
@ High ripple rejection 

@ 1.5A output current 

m 4% tolerance on preset output voltage 


Typical Applications 


Fixed Regulator 





DS007340-3 


*Required if regulator is separated from filter capacitor by 
more than 3". For value given, capacitor must be solid tanta- 
lum. 25 uF aluminum electrolytic may be substituted. 


+Required for stability. For value given, capacitor must be 
solid tantalum. 25 uF aluminum electrolytic may be substi- 
tuted. Values given may be increased without limit. 

For output capacitance in excess of 100 pF, a high current di- 
ode from input to output (1N4001, etc.) will protect the regu- | 
lator from momentary input shorts. 
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LM79MXX Series 


3-Terminal Negative Regulators 


General Description 


The LM79MXX series of 3-terminal regulators is available 
with fixed output voltages of -5V, -12V, and -15V. These de- 
vices need only one external component—a compensation 
capacitor at the output. The LM79MXxX series is packaged in 
the TO-220 power package, and is capable of supplying 0.5A 
of output current. 


These regulators employ internal current limiting, safe area 
protection, and thermal shotdown for protection against virtu- 
ally all overload conditions. 

Low ground pin current of the LM79MXxX series allows out- 
put voltage to be easily boosted above the preset value with 


Connection Diagram 


National Semiconductor 


a resistor divider. The low quiescent current of these devices 
with a specified maximum change with line and load ensures 
good regulation in the voltage boosted mode. 

For output voltage other than —5V, -12V, and -15V the 
LM137 series provides an output voltage range from —1.2V 
to —57V. 


Features 


= Thermal, short circuit and safe area protection 
m™ High ripple rejection 

m= 0.5A output ct’rrent 

m 4% tolerance on preset output voltage 


TO-220 Plastic Package (T) 


INPUT 


(a errs 
SS 
oe 


OUTPUT 
INPUT 
GROUND 


DS010483-7 


Front View 
Order Number LM79MO5CT, LM79M12CT or LM79M15CT 
See NS Package Number T03B 
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Output Dropout | Quiescent 
Output ‘ Voltage : - Voltage Current | Max. Input 
Device Other Available | 
Current Accuracy woe Voltages V (max) mA (max) Voltage 
(Note 1) (Note 2) (Note 3) 
a thas - " 
2.9, 3.1, 3.2, 3.5, (Note 4) 
3.6, 3.8, 4.0, 4.5, 
4.7 
PtPessowva | osm | | | [1518 | (Notes) | 008 | 16 
[upesvea | t% | | | [se | o18 | 0005 | 16 
thas - 
2.9, 3.1, 3.2, 3.5, 
3.6, 3.8, 4.0, 4.5, 
50mA 4.7 | 
ptpassnv | t% | | | (1818 | (oes) | oo | 16 
P tpaseo-ans | 1% | | | |[Aduustatie ‘| ots | 0.095 | 16 
3.8, 4.0, 4.5, 4.7 
[trasre | tee | | | [aa | os | 000 | 16 
3.8, 4.0, 4.5, 4.7 
piwasse | amr | | jel «| oa | oois | 40 
(tpassoac_[ os% [e~|~[~| ——s«| os | ove | 30 
30 
3.1, 3.2, 3.6, 3.8, 
4.0, 4.5, 4.7 
LP2981 2.5, 2.7, 2.8, 2.9, 0.25 16 
3.1, 3.2, 3.6, 3.8, 
100mA 
[past | % | | | [Adiustabie (Notes) | 04s [| 012 | 80 
30 
p—imesta | 4% | | [ef | os | 10 | 26 
P—iwaaao | ae | Cpe felis | tt | ~SaT*~—i 
Piwaago | ae | fe fe fis dT St «| Sa i= 
[imaesi |e | | [-| ~+(| oe | 10 | 26 
[uwasatc [5% | | | |Adustable (Notes) | 06 | 10 | 26 
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- 
Output Dropout | Quiescent 2 
Output havice Voltage Other Avallable Voltage Current | Max. Input = 
Current Accuracy ichanse V (max) mA (max) Voltage G 
(Note 1) g (Note 2) | (Note 3) © 
outputs) | = 
[_upessy | i% | [~| [252608 | 27 | <20 | 16 5 
LP2985A 1% MW Aw! & | 2.8, 3.1, 3.2, 3.6, 0.35 0.095 16 ray 
3.8, 4.0, 4.7, 4.8 S 
ptpesestvy | is% | | | ([15taso | | 00% | 16 : 
[tpese2[ ats% | [-[-|ta25 | 98 | 1 | 7 = 
ptrases | ats | [=| |18,25,Adustabe | 3a | 18 | 7 2 
Ptmesso | 6% | | [~[@ | o6 | 7 | 2 a 
16 
16 
on 16 
16 
7 16 
16 
[tpees2a | 05% | [=| |[Adustable (Notes) | 06 | 017 | 00 
[tp2s5sa | 05% | [| |Adustable (Notes) | 06 | 0.17 | 90 
PuPaessam | 0.5% | | | = [Adustable (Notes) | 06 | 0.17 | 80 
Ptp2s54a | 05% | | | [Adjustable (Notes) | 06 | 015 | a0 
Ttpes5ca | 0.5% | | | = [Adjustable (Note6) | 06 | 025 | 30 
asoma [ Lpaes7a | osm | | [=| —-+(| ~_o6 | 020 | 30 
[upesse | 1% | |e | + [Adjustable (Note 6) | 06 | 017 | 80 
PtPeess | 1% | [=| [Adustabie (Notes) | 06 | 017 | 90 
Pupeesa | 1% | | | = Adustabie (Note 6) | 06 | 0.18 | 90 
Purses | 1% | | | [Adjustable (Notes) | 06 | 025 | 00 
trass7 [| ot | | [el Ss] ~oe | 020 | 30 
ptpssss [at% | [=| [18,25 Adustae [| 80 | 15 | 7 
[trescon | 0.8% | | | [Adjustable (Note 6) | 06 | 06 | 80 
ptpesco | 16% | [| [Adustable (Notes) | 06 | 06 | 00 
Pupecasa | o7em | | | leas | 45 | <o8 | 16 
sooma [__tP2s8s | 125% | | | |26 | 45 | <o8 | 16 
[tpaseawv | ove | | | (18 | ~+| <o8 | 16 
itm | | | [mE 
outputs) 
;_tmees7 | a% | [ele |a68101215 | 10F 26 
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Output 
Voltage 


Output Voltage (V) _| Dropout | Quiescent 
| Accuracy | : 


Sine cAveilabis Voltage Current | Max. Input 
~ V (max) mA (max) Voltage 

SS 1) ee) oot (Note 2) (Note 3) 

a A CT 
PuPsset | 215% | |[~le|iaes | 240 | 18 | 7 
[traces | ais% | [~[~]18,25,Adustable | 240 | 16 | 7 
[twas | 2% | | | |-5-82,-12-16 | 10T | 56 | 26 
[twesst | a% | | | ‘|Adustable | tor | 5 | -26 
[imessomiy | 3% | | [|stats | o7 | 1 | 26 

toa | _bM2e4o_ | 8% =| | te i891012 | 08 | 15 | 26 

°* [Ee itweswoo [3% | [ [e[ewi | o8 | 16 | 26 
[imesat | a% | | | ‘[Adiustable =| os | ~=ts «|S 
fimesaic [3% | | | |Adiustabie | 08 | 15 | 26 
rimseao | a% | [x] | | os | 6 | 75 

rsa [ _imiose | 1% | |~|~ [285 Adustable | 15F | 10 | 90 

ga | _tMi05 | 1% | | |~[12,Adustble | 15F | 10 | 90 

cA | _imtoss | 1% | |[~[~|12,Adustable | 15F | 10 | 30 


LM3411A 0.5% wile 

(Note 7) 

mt % an ad 

| wen | TP 
Controller es 1.5% M | & | 12, Adjustable 24 

(Note 6) 

LP2975 2.5% M“ | & | 12, Adjustable 24 
(Note 6) 


[imsaco [ase TT | fis = 


Note 1: “F” denotes accuracy for full temperature range: otherwise, accuracy is at 25°C. 
Note 2: Dropout voltage is given for full load. “F” denotes value for full temperature range, and ”T” denotes typical value; otherwise, values are maximum at 25°C. 


Note 3: Quiescent current is given for minimum load. ”F” denotes value for full temperature range, and ”T” denotes typical value; otherwise, values are maximum 
at 25° C. 


Note 4: "20V version available upon request. 

Note 5: Minimum input voltage required to maintain regulation is 2.20V. 

Note 6: Denotes products with fixed output voltages that also provide adjustment contro! of the output voltage. 

Note 7: Refer to Voltage Control and Supervisor Products section for product data for the LM3411A/LM3411 regulator controller. 


Output. 
Current 





Device | 
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Low-Dropout Voltage Regulators 
Definition Of Terms 


Dropout Voltage: The input-voltage differential at which the 
circuit ceases to regulate against further reduction in input 
voltage. Measured when the output voltage has dropped 100 
mV from the nominal value obtained at (Voy7 + 5V) input, 
dropout voltage is dependent upon load current and junction 
temperature. 


Input Voltage: The DC voltage applied to the input terminals 
with respect to ground. 


Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 


Line Regulation: The change in output voltage for a change 
in the input voltage. The measurement is made under condi- 
tions of low dissipation or by using pulse techniques such 
that the average chip temperature is not significantly af- 
fected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


17-7 


Long Term Stability: Output voltage stability under acceler- 
ated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 


Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 


Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vo: The percentage change in 
output voltage for a thermal variation from room temperature 
to either temperature extreme. 


www.national.com 


SWI9] JO UOITIUIJEG Suc}ejnBey ebeyyo, jnodoig-Mo7 





LM1084 


LM1084 oO 


AY National Semiconductor 


5A Low Dropout Positive Regulators 


General Description 


The LM1084 is a series of low dropout voltage positive regu- 
lators with a maximum dropout of 1.5V at 5A of load current. 
It has the same pin-out as National Semiconductor’s industry 
standard LM317. 


The LM1084 is available in an adjustable version, which can 
set the output voltage with only two external resistors. It is 
also available in three fixed voltages: 3.3V, 5.0V and 12.0V. 
The fixed versions intergrate the adjust resistors. 

The LM1084 circuit includes a zener trimmed bandgap refer- 
ence, current limiting and thermal shutdown. 


The LM1084 series is available in TO-220 and TO-263 pack- 
ages. Refer to the LM1085 for the 3A version, and the 
LM1086 for the 1.5A version. 


Connection Diagrams 


TO-220 
Vout > INPUT 
O a OUTRUT 
oo ADI / GND 
DS100946-36 
Top View 





Basic Functional Diagram, Adjustable Version 
Input 






1.24 
Band gap 


(Substrate) 





Adjust 
DS100946-65 
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Features 

m@ Available in 3.3V, 5.0V, 12V and Adjustable Versions 

m™ Current Limiting and Thermal Protection 

= Output Current 5A 
@ Industrial Temperature Range -40°C to 125°C 
m@ Line Regulation . 0.015% (typical) 
m= Load Regulation 0.1% (typical) 


Applications 

= Post Regulator for Switching DC/DC Conveter 
B® High Efficiency Linear Regulators 

m Battery Charger © 


TO-263 


INPUT 
TAB IS 


Vout OUTPUT 


ADJ/GND 


DS100946-35 


Top View 


Application Circuit 





*NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 
ty. = 1.25V(1 gees 
OUT Ais R1 
DS100946-52 


1.2V to 15V Adjustable Regulator 
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Ordering Information 


v8OLWt 


Package Temperature Range NSC Drawing 
3-lead TO-263 -40°C to+125°C |  LM1084IS-ADJ =| séRails 
Pimiosas-12 [sails 
TS3B 
Pumiosas33 [Ralls 
Pimiosasso0 | Ralls, 
3-lead TO-220 -40°C to + 125°C | LM1084IT-ADJ =| sails 


imvoeaiT-12 | —~Rale 
T03B 

imiosdit33 | —Rals———s 

imioeairs0 [als 


Simplified Schematic 
tt P| 


it 
by Hl ee. 
Ay ooo 


---- O GND (Fixed Output) 





------ ‘O ADJ (Adjustable Output) 
DS100946-34 
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LM1085 


, National Semiconductor 


3A Low Dropout Positive Regulators 


General Description 


The LM1085 is a series of low dropout positive voltage regu- 
lators with a maximum dropout of 1.5V at 3A of load current. 
lt has the same pin-out as National Semiconductor's industry 
standard LM317. 

The LM1085 is available in an adjustable version, which can 
set the output voltage with only two external resistors. It is 
also available in three fixed voltages: 3.3V, 5.0V and 12.0V. 
The fixed versions integrate the adjust resistors. 

The LM1085 circuit includes a zener trimmed bandgap refer- 
ence, current limiting and thermal shutdown. 

The LM1085 series is available in TO-220 and TO-263 pack- 
ages. Refer to the LM1084 for the 5A version, and the 
LM1086 for the 1.5V version. 


Connection Diagrams 


TO-220 


Vout _——————————— INPUT 
| OUTPUT 
ADJ/GND 
DS100947-2 


Top View 


Input © 







1.24 


(Substrate) 


DS100947-65 
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O Output 


Features 

m Available in 3.3V, 5.0V, 12V and Adjustable Versions 

@ Current Limiting and Thermal Protection 

= Output Current 3A 
m™ Line Regulation 0.015% (typical) 
m Load Regulation 0.1% (typical) 


Applications 

High Efficiency Linear Regulators 
Battery Charger 

Post Regulation for Switching Supplies 
Constant Current Regulator 
Microprocessor Supply 


TO-263 


INPUT 
TAB IS 


Vour OUTPUT 


ADJ/GND 


DS100947-4 


Top View 


| Basic Functional Diagram, Adjustable Version 


Application Circuit 





*NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 
ty = 1.25V(1 oo) 
OUT : R1 
DS100947-52 


1.2V to 15V Adjustable Regulator 
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Ordering Information 


Package NSC Drawing 
3lead 10-263 “40°C to +1256 | ‘LM108siS-ADJ|~—~OswRalls, = 
[iwossisi2 [als] 
[twioesisa3 [als = 
a 


SSOLINI 


LM10851S-5.0 
LM1085ISX-5.0 Tape and Reel 


3-lead TO-220 -40°C to + 125°C LM1085IT-ADJ | — Rails 
UwioasiT12| ——~Rals 
| LMio8siT-12_ ee 
wioesi-33 | Rais 
LwioesiT-5.0 | Ralls — 


Simplified Schematic 


P : ; 
Ramdlitat : 
Sa 


iA aa ee 


-_—— O GND (Fixed Output) 





eee O ADJ (Adjustable Output) 
DS100947-34 
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LM1086 


National Semiconductor 


1.5A Low Dropout Positive Regulators 


General Description 


| The LM1086 is a series of low dropout positive voltage regu- 


lators with a maximum dropout of 1.5V at 1.5A of load cur- 
rent. It has the same pin-out as National Semiconductor's in- 
dustry standard LM317. 


The LM1086 is available in an adjustable version, which can 
set the output voltage with only two external resistors. It is 
also available in four fixed voltages: 2.5V, 2.85V, 3.3V and 
5.0V. The fixed versions integrate the adjust resistors. 

The LM1086 circuit includes a zener trimmed bandgap refer- 
ence, current limiting and thermal shutdown. 


The LM1086 series is available in TO-220 and TO-263 pack- 
ages. Refer to the LM1084 for the 5A version, and the 
LM1085 for the 3A version. 


Connection Diagrams 


TO-220 
a INPUT 
O OUTPUT 


ae ADIZGND 
DS100948-2 


Top View 


Basic Functional Diagram, Adjustable Version 


Input O O Output 







1.24 
Band gap 


(Substrate) 





DS100948-65 
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Features 

m Available in 2.5V, 2.85V, 3.3V, 5V and Adjustable 
Versions 

= Current Limiting and Thermal Protection 

m Output Current 

= Line Regulation 

m Load Regulation 


1.5A 
0.015% (typical) 
0.1% (typical) 


Applications 

m SCSI-2 Active Terminator 

m High Efficiency Linear Regulators 

m Battery Charger 

= Post Regulation for Switching Supplies 
® Constant Current Regulator 

m® Microprocessor Supply 


TO-263 
INPUT 
TAB IS 
Vout OUTPUT 
ADJ/GND 
DS100948-4 
Top View 


Application Circuit 





*NEEDED IF DEVICE 1S FAR FROM FILTER CAPACITORS 
ty. = 1.25V(1 + ney 
OUT ; R1 
DS100948-52 


1.2V to 15V Adjustable Regulator 
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Ordering Information 


= 
3-lead TO-263 -40°C to+125°C |  LM1086IS-ADJ | Rails 
Piwiossis-205 | Ralls 

Lmiosels-3.3. | — Rails 

[iwioasis-50 | Ralls 


0°C to +125°C LM1086CS-ADJ 
LM1086CSX-ADJ 
LM1086CS-2.5 
LM1086CSX-2.5 
LM1086CS-2.85 
LM1086CSX-2.85 
LM1086CS-3.3 
LM1086CSX-3.3 
LM1086CS-5.0 
LM1086CSX-5.0 
3-lead TO-220 -—40°C to +125°C LM1086IT-ADJ 
LM1086IT-2.85 
LM1086IT-3.3 
LM1086!T-5.0 
0°C to +125°C LM1086CT-ADJ 
LM1086CT-2.85 
LM1086CT-3.3 
LM1086CT-5.0 


Tape and Reel 


Tape and Reel 


Tape and Reel 


Tape and Reel 


Tape and Reel 
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NSC Drawing 


TS3B 


T03B 
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LM1086 


— Simplified Schematic 


el 
id 


\/ 
Thermal 
Limit ; 
ai O Vout 


Veh ' 


— , OVin 
a 


er —O GND (Fixed Output) 


tn en ee oe O ADJ (Adjustable Output) 
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DS100948-34 
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LM1117 


National Semiconductor 


800mA Low-Dropout Linear Regulator 


General Description 


The LM1117 is a series of low dropout voltage regulators 
with a dropout of 1.2V at 800mA of load current. It has the 
same pin-out as National Semiconductor’s industry standard 
LM317. 


The LM1117 is available in an adjustable version, which can 
set the output voltage from 1.25V to 13.8V with only two ex- 
ternal resistors. In addition, it is also available in five fixed 
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V. 

The LM1117 offers current limiting and thermal shutdown. Its 
circuit includes a zener trimmed bandgap reference to as- 
sure output voltage accuracy to within +1%. 

The LM1117 series is available in SOT-223, TO-220, and 
TO-252 D-PAK packages. A minimum of 10uF tantalum ca- 
pacitor is required at the output to improve the transient re- 
sponse and stability. 


Typical Application 


Features 

m Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable 
Versions 

m Space Saving SOT-223 Package 

™ Current Limiting and Thermal Protection 

@ Output Current 

m= Temperature Range 

m Line Regulation 

m Load Regulation 


800MA 

0°C to 125°C 
0.2% (Max) 
0.4% (Max) 


Applications 

2.85V Model for SCSI-2 Active Termination 
Post Regulator for Switching DC/DC Converter 
High Efficiency Linear Regulators 

Battery Charger 

Battery Powered Instrumentation 


Active Terminator for SCSI-2 Bus 





T 5.25V 





LM1117-2.85 


1100, 


8 TO 27 
INES 


TT eee eT 
| oor ek 


DS100919-5 


Fixed Output Regulator 






VIN 





10 ie 
Tantalum 


LM1117-XX 


GND 








Vout 


10 pF 
Tantalum 


* Required if the regulator is located far from the power supply filter. 
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LM1117 


Ordering Information 


Package Temperpiure range Packaging Markin Transport Media NSC Drawin 
g 0°C to +125°C aii g P g 


-34ead SOT-223 LM1117MPX-ADJ Tape and Reel MA04A 
LM1117MPX-1.8 Tape and Reel 
LM1117MPX-2.5 Tape and Reel — 
LM1117MPX-2.85 Tape and Reel 
LM1117MPX-3.3 Tape and Reel 
LM1117MPX-5.0 Tape and Reel 
3-lead TO-220 LM1117T-ADJ 
LM1117T-2.85 
LM1117T-3.3 
| iMTI7T-5.0 
3-lead TO-252 LM1117DTX-ADJ Tape and Reel TDO3B 
| LM1117DTX-1.8 Tape and Reel 
LM1117DTX-2.5 Tape and Reel 
LM1117DTX-2.85 Tape and Reel 
LM1117DTX-3.3 / Tape and Reel 
LM1117DTX-5.0 Tape and Reel 


TO3B 


Block Diagram 





O Vout 


Substrate 


— — — $—WWA—O GND (FIXED OUTPUT) 


= — — -<O ADJ. (ADJUSTABLE OUTPUT) 
DS100919-1 


www.national.com 17-16 


Connection Diagrams 


SOT-223 
INPUT 
Ils OUTPUT 
Vout 
ADJ/GND 
DS100919-4 
Top View 
TO-220 
Vout , INPUT 
OUTPUT 
| _—_) ADJ /GND 
DS100919-2 
Top View 
TO-252 
Input 
Tab is 
Vane Output 
Adj/GND 
DS100919-38 
Top View 
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~LM2930 


AY national Semiconductor 


3-Terminal Positive Regulator 


General Description 


The LM2930 3-terminal positive regulator features an ability 
to source 150 mA of output current with an input-output dif- 
ferential of 0.6V or less. Efficient use of low input voltages 
obtained, for example, from an automotive battery during 
cold crank conditions, allows 5V circuitry to be properly pow- 
ered with supply voltages as low as 5.6V. Familiar regulator 


| features such as current limit and thermal overload protec- 


tion are also provided. 


Designed originally for automotive applications, the LM2930 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (40V) when the input voltage to the regulator 
can momentarily exceed the specified maximum operating 
voltage, the regulator will automatically shut down to protect 
both internal circuits and the load. The LM2930 cannot be 
harmed by temporary mirror-image insertion. 


Fixed outputs of 5V and 8V are available in the plastic 
TO-220 and TO-263 power packages. 


Connection Diagrams 


(TO-220) 
Plastic Package 


> OUTPUT 
Hie GND 
INPUT 


DS005539-1 
Front View 


Order Number LM2930T-5.0 or LM2930T-8.0 
See NS Package Number T03B 


Features 


# Input-output differential less than 0.6V 
= Ouiput current in excess of 150 mA 

m Reverse battery protection 

m@ 40V load dump protection 

m Internal short circuit current limit 

m Internal thermal overload protection 

@ Mirror-image insertion protection 

m P* Product Enhancement tested 


Voltage Range 
m@ LM2930T-5.0: 
@ LM2930T-8.0: 
@ LM2930S-5.0: 
m LM2930S-8.0: 


(TO-263) 
Plastic Surface-Mount Package 
TAB IS OUTPUT 

GND 
| GND 
INPUT 

DS005539-7 

Top View 

DS005539-8 
Side View 


Order Number LM2930S-5.0 or LM2930S-8.0 
See NS Package Number TS3B 
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LM2931 


National Semiconductor 


Series Low Dropout Regulators 


General Description 


The LM2931 positive voltage regulator features a very low 
quiescent current of 1mA or less when supplying 10mA 
loads. This unique characteristic and the extremely low 
input-output differential required for proper regulation (0.2V 
for output currents of 10mA) make the LM2931 the ideal 
regulator for standby power systems. Applications include 
memory standby circuits, CMOS and other low power pro- 
cessor power supplies as well as systems demanding as 
much as 100mA of output current. 

Designed originally for automotive applications, the LM2931 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, Such 
as a load dump (60V) when the input voltage to the regulator 
can momentarily exceed the specified maximum operating 
voltage, the regulator will automatically shut down to protect 
both internal circuits and the load. The LM2931 cannot be 
harmed by temporary mirror-image insertion. Familiar regu- 
lator features such as short circuit and thermal overload pro- 
tection are also provided. 

The LM2931 family includes a fixed 5V output (+3.8% toler- 
ance for A grade) or an adjustable output with ON/OFF pin. 


Connection Diagrams 
FIXED VOLTAGE OUTPUT 
TO-220 3-Lead Power Package 


eens OUT 
at GND 
et | N 


DS005254-6 


Front View 


8-Pin Surface Mount 


OUT —J1¢ 8 FIN 

GND =| 2 7 F— GND 
GND —4 3 6 f= GND 
NC* =a 4 5 f— NC* 


DS005254-7 


*NC = Not internally connected. Must be electrically isolated from the rest 
of the circuit for the micro SMD package. 


Top View 


17-19 


Both versions are available in a TO-220 power package, 
TO-263 surface mount package, and an 8-lead surface 
mount package. The fixed output version is also available in 
the TO-92 plastic and 6-Bump micro SMD packages. 


Features 

m@ Very low quiescent current 

@ Output current in excess of 100 mA 

Input-output differential less than 0.6V 

Reverse battery protection 

60V load dump protection 

-50V reverse transient protection 

Short circuit protection 

Internal thermal overload protection 

Mirror-image insertion protection 

Available in TO-220, TO-92, TO-263, SO-8 or 6-Bump 
micro SMD packages 

Available as adjustable with TTL compatible switch 
See AN-1112 for micro SMD considerations 


TO-263 Surface-Mount Package 
OUTPUT 
GND 


INPUT 
DS005254-11 


Top View 


TAB IS 
GND 


DS005254-12 


Side View 


TO-92 Plastic Package 
OUT IN 


GND 
DS005254-8 


Bottom View 
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LM2931 


Connection Diagrams (Continued) 


6-Bump micro SMD 
Nc* GND Nc* 





1 2 3 
OUT Nc* IN 
DS005254-38 
Top View 


(Bump Side Down) 
ADJUSTABLE OUTPUT VOLTAGE 


TO-220 5-Lead Power Package 


3 OUT 
4 IN 
3 GND 


1 ADJUST 


DS005254-9 





Front View 


www.national.com 


2 ON/OFF. 


8-Pin Surface Mount 


OUT fie 8 IN 
GND —4 2 7 — GND 
GND — 3 6 — GND 
ADJ —4 4 5 F— ON/OFF 
DS005254-10 
Top View 
17-20 


micro SMD Laser Mark 
X = Date Code 


Pin 1 Identifier 
DS005254-39 


TO-263 . 
-5-Lead Surface-Mount Package 


TAB IS OUT — 


IN 
GND GND 


ON/OFF 
ADJUST 


DS005254-13 


Top View 


DS005254-14 


Side View 


Ordering Information 


Output Package Part Number Transport Media NSC 
iE heel Rade Roxie Fo 
5V 3-Pin TO-220 LM2931T-5.0 | Rails =| TOS 

a LM29S1AT-5.0 occ seas 
Pin TO- Rais «YC 









Package Marking 






3-Pin TO-263 LM2931S-5.0 LM2931S-5.0 

TO-92 LM2931Z-5.0 LM2931Z-5 1.8k Units per Box Z03A 
LM2931AZ-5.0 LM2931AZ 1.8k Units per Box 

8-Pin LM2931M-5.0 2931M-5.0 | Rails | 

SOIC LM2931AM-5.0 2931AM-5.0 Rails 


* 6-Bump LM2931IBPX-5.0 Tape and Reel BPAO6HTA 
micro SMD 


Adjustable, | 5-Pin TO-220 LM2931CT LM2931CT | Rails =| TOA 
3V to24V | 5-Pin TO-263 LM2931CS LM2931CS | Rails =i] TSB 


MO8A 


| 8-Pin LM2931CM LM2931CM 
SOIC 

3.3V * 6-Bump LM2931IBPX-3.3 

micro SMD 


Note: The micro SMD package marking is a single digit manufacturing Date Code Only. 


MO8A 
Tape and Reel BPAO6HTA 
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LM2931 


Typical Applications 


LM2931 Fixed Output 





VIN Vout 
UNREGULATED © O REGULATED 
INPUT OUTPUT 
ci* c2** 
a 100 uF 
= ‘DS005254-4 


*Required if regulator is located far from power supply filter. 


**C2 must be at least 100 UF to maintain stability. May be increased without bound to maintain regulation during transients. Locate as close as possible to the 
regulator. This capacitor must be rated over the same operating temperature range as the regulator. The equivalent series resistance (ESR) of this capacitor is 
critical; see curve. 


LM2931 Adjustable Output 


Vec 


LM2931 


ci* ADJUSTABLE 
0.1 uF 





DS005254-5 


Ri + R2 
Ri 


Note: Using 27k for R1 will automatically compensate for errors in Voyt due to the input bias current of the ADJ pin (approximately 1 yA). 


Vout = Reference Voltage x 
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AY vationat Semiconductor 


LM2936-3.0 


PRELIMINARY 


Ultra-Low Quiescent Current 3.0V Regulator 


Features 


General Description 


The LM2936-3.0 ultra-low quiescent current regulator fea- 
tures low dropout voltage and low current in the standby 
mode. With iess than 20 yA quiescent current at a 100 pA 
load, the LM2936-3.0 is ideally suited for automotive and 
other battery operated systems. The LM2936-3.0 retains all 
of the features that are common to low dropout regulators in- 
cluding a low dropout PNP pass device, short circuit protec- 
tion, reverse battery protection, and thermal shutdown. The 
LM2936-3.0 has a 40V maximum operating voltage limit, a 
-40°C to +125°C operating temperature range, and +3% 
output voltage tolerance over the entire output current, input 
voltage, and temperature range. The LM2936-3.0 is avail- 
able in a TO-92 package, a SO-8 surface mount package, as 
well as SOT-223 and TO-252 surface mount power pack- 
ages. 


Typical Application 






Input 





100 nF* 


Ground 


Vin «LM 2936 


* Required if regulator is located more than 2" from power supply filter capacitor. 


** Required for stability. Must be rated for 22 uF minimum over intended operating temperature range. Effective series resistance (ESR) is critical, see 
curve. Locate capacitor as close as possible to the regulator output and ground pins. Capacitance may be increased without bound. 


Connection Diagrams 


TO-252 
TAB is GND 





VOUT 
DS200016-25 
Top View 
Order Number LM2936DT-3.0 
See NS Package Number TD03B 
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Ultra low quiescent current (Ig < 20 UA for Ig < 100 YA) 
Fixed 3.0V, 50 mA output 

Output tolerance +3% over line, load, and temperature 
Dropout voltage typically 200 mV @ I, = 50 mA 
Reverse battery protection 

—50V reverse transient protection 

Internal short circuit current limit 

Internal thermal shutdown protection 

40V operating voltage limit 


Output 


39 jit? 


out 


DS200016-1 


SOT-223 
TAB is GND 


12 3 
VIN Gnpb VOUT 
DS200016-26 
Top View 
Order Number LM2936MP-3.0 
See NS Package Number MA04A 
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LM2936-3.0 


Connection Diagrams (continuea) 


8-Pin SO (M) 
IN GND GND NC 





OUT GND GND 


DS200016-6 


Top View 
Order Number LM2936M-3.0 
See NS Package Number MO08A 


TO-92 
VIN Vout 


Ground 
DS200016-2 


Bottom View 
Order Number LM2936Z-3.0 
See NS Package Number Z03A 
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. PRELIMINARY 
National Semiconductor 


€°€-9E6CINT 


LM2936-3.3 
Ultra-Low Quiescent Current 3.3V Regulator 


General Description Features 


The LM2936-3.3 ultra-low quiescent current regulator fea- _™ Ultra low quiescent current (Iq < 20 UA for Ig < 100 pA) 
tures low dropout voltage and low current in the standby 1m Fixed 3.3V, 50 mA output 

mode. With less than 20 YA quiescent current ata 100 UA =m ~Output tolerance +3% over line, ioad, and temperature 
load, the LM2936-3.3 is ideally suited for automotive and Dropout voltage typically 200 mV @ |, = 50 mA 

other battery operated systems. The LM2936-3.3 retains all Reverse battery protection 

of the features that are common to low dropout regulators in- ia 

cluding a low dropout PNP pass device, short circuit protec- 

tion, reverse battery protection, and thermal shutdown. The . 
LM2936-3.3 has a 40V maximum operating voltage limit, a ® 
-40°C to +125°C operating temperature range, and +3% © 
output voltage tolerance over the entire output current, input 
voltage, and temperature range. The LM2936-3.3 is avail- 
able in a TO-92 package, a SO-8 surface mount package, as 
well as SOT-223 and TO-252 surface mount power pack- 
ages. 


—50V reverse transient protection 
Internal short circuit current limit 
Internal thermal shutdown protection 
40V operating voltage limit 


Typical Application 






Input VIN LM2936 Vo Output 


100 nF* Ground 22 pr** 





out 


DS101324-1 


* Required if regulator is located more than 2" from power supply filter capacitor. 


** Required for stability. Must be rated for 22 uF minimum over intended operating temperature range. Effective series resistance (ESR) is critical, see 
curve. Locate capacitor as close as possible to the regulator output and ground pins. Capacitance may be increased without bound. 


Connection Diagrams 





TO-252 SOT-223 
TAB is GND TAB is GND 





1 2 3 
VIN. VOUT VIN GNb VOUT 
DS101324-25 DS101324-26 
Top View Top View 
Order Number LM2936DT-3.3 Order Number LM2936MP-3.3 
See NS Package Number TD03B See NS Package Number MA04A 
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LM2936-3.3 


Connection Diagrams (Continued) 


8-Pin SO (M) 
IN. GND GND NC 





OUT GND GND 


C 
DS101324-6 


Top View 
Order Number LM2936M-3.3 
See NS Package Number MO8A 


TO-92 


Vin YouT 


Ground 
DS101324-2 


Bottom View 
Order Number LM2936Z-3.3 
See NS Package Number Z03A 
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0'S-9E6CINT 


LM2936-5.0 
Ultra-Low Quiescent Current 5V Regulator 


General Description Features 


The LM2936 ultra-low quiescent current regulator features ™ Ultra low quiescent current (lq < 15 HA for I, < 100 HA) 
low dropout voltage and low current in the standby mode.  m™ Fixed 5V, 50 mA output 

With less than 15 pA quiescent current at a 100 pAload, the m Output tolerance +3% over line, load, and temperature 
LM2936 is ideally suited for automotive and other battery 0p- — m_~Dropout voltage typically 200 mV @ |, = 50 mA 

erated systems. The LM2936 retains all of the features that Reverse battery protection 

are common to low dropout regulators including a low drop- m -50V reverse transient protection 

out PNP pass device, short circuit protection, reverse battery ie Ae 

protection, and thermal shutdown. The LM2936 has a 40V my femal: Snore eireulk CURE AE HIE 

maximum operating voltage limit, a -40°C to +125°C operat- | ™ [Internal thermal shutdown protection 

ing temperature range, and +3% output voltage tolerance = 40V operating voltage limit 
over the entire output current, input voltage, and tempera- 

ture range. The LM2936 is available in a TO-92 package, a 

SO-8 surface mount package, and a TO-252 surface mount 

power package. 


Typical Application 








Input Vin LM2936 = Vo 


100 nF* 





10 wre 
C 


out 


Ground 


DS009759-1 


* Required if regulator is located more than 2" from power supply filter capacitor. 


** Required for stability. Must be rated for 10 UF minimum over intended operating temperature range. Effective series resistance (ESR) is critical, see 
curve. Locate capacitor as close as possible to the regulator output and ground pins. Capacitance may be increased without bound. 


Connection Diagrams 





SOT-223 
TO-252 TAB is GND 
TAB is GND 
ial 
1, -22e 3 
VIN GNb VOUT 
DS009759-26 
Nee Top View 
Top View Order Number LM2936MP-5.0 


Order Number LM2936DT-5.0 See NS Package Number MA04A 


See NS Package Number TD03B 
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LM2936-5.0 


Connection Diagrams (Continued) 


8-Pin SO (M) 
IN GND GND NC 





OUT GND GND NC 
DS009759-6 


Top View 
Order Number LM2936M-5.0 
See NS Package Number M08A 


TO-92 


Vin Yout 


Ground 
DS009759-2 


Bottom View 
Order Number LM2936Z-5.0 
See NS Package Number Z03A 
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LM2937 
500 mA Low Dropout Regulator 


General Description nections, two-battery jumps and up to +60V/—50V load dump 
; ‘3 transients. Familiar regulator features such as short circuit 

The LM2937 is a positive voltage regulator capable of sup- aang thermal shutdown protection are also built in. 

plying up to 500 mA of load current. The use of a PNP power 

transistor provides a low dropout voltage characteristic. With 

a load current of 500 mA the minimum input to output voltage Features 

differential required for the output to remain in regulation is | ™ Fully specified for operation over -40°C to +125°C 

typically 0.5V (1V guaranteed maximum over the full operat- = ™ Output current in excess of 500 mA 

ing temperature range). Special circuitry has been incorpo- # Output trimmed for 5% tolerance under all operating 

rated to minimize the quiescent current to typically only conditions 

10 mA with a full 500 mA load current when the input to out- Typical dropout voltage of 0.5V at full rated load current 

put voltage differential is greater than 3V. Wide output capacitor ESR range, up to 3Q 

The LM2937 requires an output bypass capacitor for stabil- Internal short circuit and thermal overload protection 

ity. As with most low dropout regulators, the ESR of this ca- Reverse battery protection 

pacitor remains a Critical design parameter, but the LM2937 GOV input transient protection 

includes special compensation circuitry that relaxes ESR re- NicKOr iniadie insenlisncprotection 

quirements. The LM2937 is stable for all ESR below 3Q. This eos Ne 

allows the use of low ESR chip capacitors. 


Ideally suited for automotive applications, the LM2937 will 
protect itself and any load circuitry from reverse battery con- 


Connection Diagram and Ordering Information 


TO-220 Plastic Package SOT-223 Plastic Package 


7 OUTPUT INPUT 
a GND 
> INPUT GND GND 
DS011280-2 OUTPUT 
Front View DS011280-26 
Order Number LM2937ET-5.0, LM2937ET-8.0, Front View 
LM2937ET-10, LM2937ET-12 or LM2937ET-15 Order Number LM2937IMP-5.0, 
See NS Package Number T03B LM2937IMP-8.0, I.M2937IMP-10, 


LM2937IMP-12 or LM2937IMP-15 
See NS Package Number MP04A 


TO-263 Surface-Mount Package 





TAB IS OUTPUT 
GND 
L. GND DS011280-6 
INPUT Side View 


DS011280-5 
Top View 
Order Number LM2937ES-5.0, LM2937ES-8.0, 


LM2937ES-10, LM2937ES-12 or LM2937ES-15 
See NS Package Number TS3B 
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LM2937 


Connection Diagram and Ordering Information (continued) 


Temperature Output Voltage NSC |. Package 
Package 


Range 
Drawing _ 


~40°C < Ty s 125°C LM2937ES-5.0 | LM2937ES-8.0 LM2937ES-10 LM2937ES-12 LM2937ES-15 — TS3B — TO-263 
LM2937ET-5.0 LM2937ET-8.0 | LM2937ET-10 | LM2937ET-12 LM2937ET-15 TO3B =} . TO-220 
-40°C < Ty s 85°C LM2937IMP-5.0 | LM2937IMP-8.0 | LM2937IMP-10 | LM2937IMP-12 | LM2937IMP-15 |. MPO4A SOT-223 


_ [|LM2937IMPX-5.0 {LM2937IMPX-8.0 | LM2937IMPX-10 | LM2937IMPX-12 | LM2937IMPX-15._| MPO4A ‘eee 
a in Tape 
and Reel 
SOT-223 Package , L71B L72B L73B L74B L75B 
Markings 


The small physical size of the SOT-223 package does not allow sufficient space to provide the complete device part number. The actual devices will be labeled with 
the package markings shown. ; 
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LM2937-2.5, LM2937-3.3 


National Semiconductor 


400mA and 500mA Voltage Regulators 


General Description 


The LM2937-2.5 and LM2937-3.3 are positive voltage regu- 
lators capable of supplying up to 500 mA of load current. 
Both regulators are ideal for converting a common 5V logic 
supply, or higher input supply voltage, to the lower 2.5V and 
3.3V supplies to power VLSI ASIC’s and microcontrollers. 
Special circuitry has been incorporated to minimize the qui- 
escent current to typically only 10 mA with a full 500 mA load 
current when the input to output voltage differential is greater 
than 5V. 


The LM2937 requires an output bypass capacitor for stabil- 
ity. As with most regulators utilizing a PNP pass transistor, 
the ESR of this capacitor remains a critical design param- 
eter, but the LM2937-2.5 and LM2937-3.3 include special 
compensation circuitry that relaxes ESR requirements. The 
M2937 is stable for all ESR ratings less than 5Q. This al- 
lows the use of low ESR chip capacitors. 


The regulators are also suited for automotive applications, 
with built in protection from reverse battery connections, 


two-battery jumps and up to +60V/-50V load dump tran- 
sients. Familiar regulator features such as short circuit and 
thermal shutdown protection are also built in. 


Features 

= Fully specified for operation over —40°C to +125°C 

= Output current in excess of 500 mA (400mA for 
SOT-223 package) 

= Output trimmed for 5% tolerance under all operating 

conditions 

Wide output capacitor ESR range, 0.01Q up to 5Q 

Internal short circuit and thermal overload protection 

Reverse battery protection 

60V input transient protection 

Mirror image insertion protection 


Connection Diagram and Ordering Information 


TO-220 Plastic Package 


> OUTPUT 


SS GND 
oS INPUT 


DS100113-24 


Front View 
Order Number LM2937ET-2.5, LM2937ET-3.3, 
See NS Package Number T03B 


SOT-223 Plastic Package 


DS100113-25 
Front View 
Order Number LM2937IMP-2.5, LM2937IMP-3.3, 
See NS Package Number MA04A 


TO-263 Surface-Mount Package 


TAB IS OUTPUT 
GND 
i: GND 
INPUT 
DS100113-26 


Top View 


DS100113-27 


Side View 


Order Number LM2937ES-2.5, LM2937ES-3.3, 
See NS Package Number TS3B 
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LM2937-2.5, LM2937-3.3 


Connection Diagram and Ordering Information (Continued) 


Range Package > 
-40°C < Ty < 125°C LM2937ES-2.5 LM2937ES-3.3 TS3B TO-263 
LM2937ET-2.5 | —_ LM2937ET-3.3 _ TO-220 
WOT LC S028 
Markings 


The small physical size of the SOT-223 package does not allow sufficient space to provide the complete device part number. The actual devices will be labeled with 
the package markings shown. , 
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LM2940/LM2940C 
1A Low Dropout Regulator 


General Description 


The LM2940/LM2940C positive voltage regulator features 
the ability to source 1A of output current with a dropout volt- 
age of typically 0.5V and a maximum of 1V over the entire 
temperature range. Furthermore, a quiescent current reduc- 
tion circuit has been included which reduces the ground cur- 
rent when the differential between the input voltage and the 
output voltage exceeds approximately 3V. The quiescent 
current with 1A of output current and an input-output differ- 
ential of 5V is therefore only 30 mA. Higher quiescent cur- 
rents only exist when the regulator is in the dropout mode 
(Vin — Vout ¥ 3V). 

Designed also for vehicular applications, the LM2940/ 
LM2940C and all regulated circuitry are protected from re- 
verse battery installations or 2-battery jumps. During line 
transients, such as load dump when the input voltage can 


Typical Application 


VIN 
UNREGULATED 
INPUT 


* 


47 pF 






*Required if regulator is located far from power supply filter. 


LM2940 
= Cour** 
la i; 22 pF 


Nattonal Semiconductor 


momentarily exceed the specified maximum operating volt- 
age, the regulator will automatically shut down to protect 
both the internal circuits and the load. The LM2940/ 
LM2940C cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 


Features 

= Dropout voltage typically 0.5V @Ip = 1A 
= Output current in excess of 1A 

= Output voltage trimmed before assembly 
m Reverse battery protection 

@ Internal short circuit current limit 

@ Mirror image insertion protection 

m P* Product Enhancement tested 


Vout 
REGULATED 
OUTPUT 





DS008822-3 


**Cour must be at least 22 yF to maintain stability. May be increased without bound to maintain regulation during transients. Locate as close as possible 
to the regulator. This capacitor must be rated over the same operating temperature range as the regulator and the ESR is critical; see curve. 


Ordering Information 





Temperature as Voltage 
Package 
0°C < Tj s 125°C — 0 a 9.0 a LM2940CT-15 TO-220 
LM2940CS-5.0 LM2940CS-9.0 LM2940CS-12 | LM2940CS-15 TO-263 
-40°C < T,< 125°C | LM2940T-5.0 LM2940T-8.0 LM2940T-9.0 LM2940T-10 LM2940T-12 TO-220 
LM2940S-5.0 LM2940S-8.0 LM2940S-9.0 LM2940S-10 LM2940S-12 TO-263 


-40°C <T, < 85°C 


LM2940IMP-5.0 | LM2940IMP-8.0 | LM2940IMP-9.0 | LM29401MP-10 | 10 | LM2940IMP-12 | LM2940IMP-15 | SOT-223 


LM2940IMPX-5.0 LM2940IMPX-8.0 LM2940IMPX-9.0 MESON 10 10 LM2940IMPX-14 LM2940iIMPX-14 ell 223 
in Tape 
and Reel 


SOT-223 eee 
Marking 


L53B L54B LOEB L55B L56B L70B 


The physical size of the SOT-223 is too small to contain the full device part number. The package markings indicated are what will appear on the actual device. 











Temperature 
Range 


55°C < Ty < 125°C 







Output Voltage 


LM2940J-5.0/883 LM2940J-8.0/883 LM2940J-12/883 LM2940J-15/883 

5962-8958701EA 5962-9088301QEA 5962-9088401QEA 5962-9088501QEA 
LM2940WG5.0/883 

5962-8958701XA 






Package 


For information on military temperature range products, please go to the Mil/Aero Web Site at http://www.national.com/appinfo/milaero/index.htm!. 
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Connection Diagrams 


(TO-220) Plastic Package 


> OUTPUT 


. INPUT 


LM2940/LM2940C 


DS008822-2 


Front View — 

Order Number LM2940CT-5.0, LM2940CT-9.0, 
LM2940CT-12, LM2940CT-15, LM2940T-5.0, 
LM2940T-8.0, LM2940T-9.0, 
LM2940T-10 or LM2940T-12 
See NS Package Number TO3B 


16-Lead Dual-in-Line Package (J) 


{ 
2 
3 
4 
5 
6 
7 
8 





DS008822-43 
Top View 
Order Number LM2940J-5.0/883 (5962-8958701EA), 
LM2940J-8.0/883 (5962-9088301QEA), 
LM2940J-12/883 (5962-9088401QEA), 
LM2940J-15/883 (5962-9088501 QEA) 
See NS Package Number J16A 


(TO-263) Surface-Mount Package 


OUTPUT 


TAB IS 
GND GND 


INPUT 
. DS008822-11 


Top View 


DS008822-12 


Side View 
Order Number LM2940CS-5.0, LM2940CS-9.0, 
LM2940CS-12, LM2940CS-15, 
LM2940S-5.0, LM2940S-8.0, 
LM2940S-9.0, LM2940S-10 or LM2940S-12 
See NS Package Number TS3B 
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3-Lead SOT-223 


INPUT 

GND GND 

OUTPUT | 
DS008822-42 


Front View 
Order Part Number LM2940IMP-5.0, 
LM2940IMP-8.0, LM2940IMP-9.0, 
LM2940IMP-10, LM2940iMP-12 or LM2940IMP-15 
See NS Package Number MP04A 


16-Lead Ceramic Surface-Mount Package (WG) 


NC 
NC 
OUT 
NC 
GND 
NC 
NC 
NC 


1 
2 
3 
4 
5 
6 
7 
1 8 





DS008822-44 
Top View 
Order Number LM2940WG5.0/883 (5962-8958701 XA) 
See NS Package Number WG16A 
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LM2941/LM2941C 


National Semiconductor 


1A Low Dropout Adjustable Regulator 


General Description 


The LM2941 positive voltage regulator features the ability to 
source 1A of output current with a typical dropout voltage of 
0.5V and a maximum of 1V over the entire temperature 
range. Furthermore, a quiescent current reduction circuit has 
been included which reduces the ground pin current when 
the differential between the input voltage and the output volt- 
age exceeds approximately 3V. The quiescent current with 
1A of output current and an input-output differential of 5V is 
therefore only 30 mA. Higher quiescent currents only exist 
when the regulator is in the dropout mode (Vy, — Vout S$ 8V). 


Designed also for vehicular applications, the LM2941 and all 
regulated circuitry are protected from reverse battery instal- 
lations or two-battery jumps. During line transients, such as 
load dump when the input voltage can momentarily exceed 
the specified maximum operating voltage, the regulator will 


automatically shut down to protect both the internal circuits 
and the load. Familiar regulator features such as short circuit 
and thermal overload protection are also provided. 


Features 

™ Output voltage adjustable from 5V to 20V 
= Dropout voltage typically 0.5V @I, = 1A 
= Output current in excess of 1A 

m@ Trimmed reference voltage 

m Reverse battery protection 

@ Internal short circuit current limit 

m™ Mirror image insertion protection 

m P* Product Enhancement tested 

m TTL, CMOS compatible ON/OFF switch 


Connection Diagram and Ordering Information 


TO-220 Plastic Package 


Pe gienennaaaae OUT: 
EEE 7 | 
eee) GND 
ON/OFF 


ADJUST 
DS008823-2 








Front View 
Order Number LM2941T or LM2941CT 
See NS Package Number TO5A 


TO-263 Surface-Mount Package 


TAB IS OUT 


GND IN 
LL GND 
ON/OFF 
ADJUST 
TOP VIEW 
DS008823-8 
SIDE VIEW 


DS008823-9 


Order Number LM2941S or LM2941CS 
See NS Package Number TS5B 
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16-Lead Ceramic Dual-in-Line Package 


On oa hr wWnND + 





DS008823-31 


Top View 
Order Number LM2941J/883 
5962-9166701QEA 
See NS Package Number J16A 


16-Lead Ceramic Surface Mount Package 


{ 
2 
3 
4 
5 
6 
7 
8 





DS008823-32 


Front View 
Order Number LM2941WG/883 
5962-9166701QYA 
See NS Package Number WG16A 
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~LM2984 





LM2984 


General Description 


The LM2984 positive voltage regulator features three inde- 
pendent and tracking outputs capable of delivering the 
power for logic circuits, peripheral sensors and standby 
memory in a typical microprocessor system. The LM2984 in- 
cludes circuitry which monitors both its own high-current out- 
put and also an external uP. If any error conditions are 
sensed in either, a reset error flag is set and maintained uniil 
the malfunction terminates. Since these functions are in- 
cluded in the same package with the three regulators, a 
great saving in board space can be realized in the typical mi- 
croprocessor system. The LM2984 also features very low 
dropout voltages on each of its three regulator outputs (0.6V 
at the rated output current). Furthermore, the quiescent cur- 
rent can be reduced to 1 mA in the standby mode. 


Designed also for vehicular applications, the LM2984 and all 
regulated circuitry are protected from reverse battery instal- 
lations or 2-battery jumps. Familiar regulator features such 
as short circuit and thermal overload protection are also pro- 
vided. Fixed outputs of 5V are available in the plastic TO-220 
power package. 


Typical Application Circuit 


5V 
Rast 
5V, 500 mA 


| a 


MONITOR OUT 
RESET IN 





STANDBY 


MEMORY 





LM2984 





National Semiconductor 


Microprocessor Power Supply System 


Features 


m Three low dropout tracking regulators 

m Output current in excess of 500 mA 
Fully specified for -40°C to +125°C operation 
Low quiescent current standby regulator 
Microprocessor malfunction RESET flag 
Delayed RESET on power-up 

Accurate pretrimmed 5V outputs 
Reverse battery protection 

Overvoltage protection 

Reverse transient protection 

Short circuit protection 

Internal thermal overload protection 
ON/OFF switch for high current outputs 
P* Product Enhancement tested 


VIN 


PERIPHERAL 


SENSORS 





DS011252-1 


Cour must be at least 10 pF to maintain stability. May be increased without bound to maintain regulation during transients. Locate as close as possible to 
the regulator. This capacitor must be rated over the same operating temperature range as the regulator. The equivalent series resistance (ESR) of this 


capacitor is critical; see curve. 


Order Number LM2984T 
See NS Package Number TA11B 
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LM2990 
Negative Low Dropout Regulator 


General Description LM2990 is available in a 3-lead TO-220 package and is rated 


for operation over the automotive temperature range of 
The LM2990 is a three-terminal, low dropout, 1 ampere =_49°¢ to +125°C. 


negative voltage regulator available with fixed output volt- 


ages of —5, —5.2, -12, and -15V. Features 

The LM2990 uses new circuit design techniques to provide : 

low dropout and low quiescent current. The dropout voltage = 57> output irate over enute: cporaung iange 
at 1A load current is typically 0.6V and a guaranteed % Output current in excess of 1A 

worst-case maximum of 1V over the entire operating tem- ™ Dropout voltage typically 0.6V at 1A load 
perature range. The quiescent current is typically 1 mA with ™ Low quiescent current 

1A load current and an input-output voltage differential §™ Internal short circuit current limit 

greater than 3V. A unique circuit design of the internal bias =m _=|nternal thermal shutdown with hysteresis 
supply limits the quiescent current to only 9 mA (typical) Functional complement to the LM2940 series 


when the regulator is in the dropout mode (Voy — Vin < 3V). 


Output voltage accuracy is guaranteed to +5% over load, . " 
and temperature extremes. Applications 


The LM2990 is short-circuit proof, and thermal shutdown in- ™ Post switcher regulator 
cludes hysteresis to enhance the reliability of the device ™ Local, on-card, regulation 
when overloaded for an extended period of time. The ™ Battery operated equipment 


Typical Application 







C ak 
0 
10 wF 


Regulated 
Output 


Unregulated 
Input 


DS010801-1 
*Required if the regulator is located further than 6 inches from the power supply filter capacitors. A 1 uF solid tantalum or a 10 LF aluminum electrolytic 
capacitor is recommended. 


**Required for stability. Must be at least a 10 uF aluminum electrolytic or a 1 uF solid tantalum to maintain stability. May be increased without bound to 
maintain regulation during transients. Locate the capacitor as close as possible to the regulator. The equivalent series resistance (ESR) is critical, and 
should be less than 10Q over the same operating temperature range as the regulator. 


Ordering Information and Connection Diagrams 














Temperature Output Voltage 


LM2990T-5.0 LM2990T- 4 2 LM2990T-12 LM2990T-15 


| LM29908-5.0 | 5. | LM29908-5.0 | | —« LM2990S-12 | 12 LM2990S-15 
aes | | eee | omece 
5962-95711 01 1QEA 5962-957 1001 1QEA 5962-9570901 1QEA 
ppp 
5962-9571101 QXA 


Package 




















—55°C to 
+125°C 
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LM2990 


Ordering Information and 
Connection Diagrams (continuea) 


3-Lead TO-220 


INPUT | OUTPUT 
INPUT 
GROUND 


DS010801-2 





Front View 


Order Number LM2990T-5.0, LM2990T-5.2, LM2990T-12 


or LM2990T-15 
See NS Package Number T03B 


16-Lead Ceramic Dual-in-Line Package 


N/C 1: N/C 
NiC—] 2 N/C 
INPUT—1 3 NIC 
NiC— 4 N/C 
GROUND+1 5 N/C 
OUTPUT+] 6 N/G 
NiC+ 7 N/C 
NC 8 N/G 





DS010801-33 


Top View 
Order Number 
LM2990J-5.0-QML (5962-9571101QEA), 
LM2990J-12-QML (5962-9571001QEA), or 
LM2990J-15-QML (5962-9570901QEA), 
See NS Package Number J16A 
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TO-263 Surface-Mount Package 





TAB IS OUTPUT 
"ik. INPUT 
GND 
* “ygo10801-11 
Top View 
DS010801-12 
Side View 
Order Number LM2990S-5.0, LM2990S-12 or 
LM2990S-15 


See NS Package Number TS3B 


16-Lead Ceramic Surface Mount Package 


INPUT 
N/C © 
N/C 
-N/C 
N/C 
N/C 
N/C 
N/C 


1. 
2 
3 
4 
5 
6 
7 
8 





| DS010801-34 
Top View 
Order Number 
LM2990WG5.0-QML (5962-9571101QXEA) 
See NS Package Number WG16A 
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National Semiconductor 


LM2991 
Negative Low Dropout Adjustable Regulator 


General Description Features 
The LM2991 is a low dropout adjustable negative regulator ™ Output voltage adjustable from —3V to —24V, typically 
with a output voltage range between -3V to —24V. The -2V to -25V 


M2991 provides up to 1A of load current and features a On 
/Off pin for remote shutdown capability. 


The LM2991 uses new circuit design techniques to provide a 
low dropout voltage, low quiescent current and low tempera- 
ture coefficient precision reference. The dropout voltage at 
1A load current is typically 0.6V and a guaranteed 
worst-case maximum of 1V over the entire operating tem- 
perature range. The quiescent current is typically 1 mA with 
a 1A load current and an input-output voltage differential A = 
greater than 3V. A unique circuit design of the internal bias Applications 
supply limits the quiescent current to only 9 mA (typical) = Post switcher regulator 
when the regulator is in the dropout mode (Voy; - Vin S$ 3V). = ~Local, on-card, regulation 


The LM2991 is short-circuit proof, and thermal shutdown in- Battery operated equipment 
cludes hysteresis to enhance the reliability of the device 

when inadvertently overloaded for extended periods. The 

LM2991 is available in 5-lead TO-220 and TO-263 packages 

and is rated for operation over the automotive temperature 

range of -40°C to +125°C. Mil-Aero versions are also avail- 

able. 


Output current in excess of 1A 

Dropout voltage typically 0.6V at 1A load 
Low quiescent current 

Internal short circuit current limit 

Internal thermal shutdown with hysteresis 
TTL, CMOS compatible ON/OFF switch 
Functional complement to the LM2941 series 


Typical Application 


Co** 
10 wF 





Regulated 
Output 


Unregulated 
Input 






LM299 1 


ON/OFF 
DS011260-1 


Vout = VREF (1 + R2/R1) 

*Required if the regulator is located further than 6 inches from the power supply filter capacitors. A 1 uF solid tantalum or a 10 pF aluminum electrolytic 
capacitor is recommended. 

**Required for stability. Must be at least a 10 uF aluminum electrolytic or a 1 uF solid tantalum to maintain stability. May be increased without bound to 
maintain regulation during transients. Locate the capacitor as close as possible to the regulator. The equivalent series resistance (ESR) is critical, and 
should be less than 10Q over the same operating temperature range as the regulator. 
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LM2991 


Connection Diagrams and Ordering Information 


5-Lead TO-220 
Straight Leads 















input 5~- Output 
1 4- Ground 

C) <a y F Input 
2- On/Off 
1- Adjust 


DS011260-9 
Front View | 
Order Number LM2991T 
See NS Package Number TO5A 


5-Lead TO-220 
Bent, Staggered Leads 











aloe 2 Output 
or 4- Ground 
Seiad 0 Input 
——r— 2- 0n/Off 
-——_—1——1 j- Adjust 

DS011260-2 
. Front View 


Order Number LM2991T Flow LB03 
See NS Package Number T05D 


T0263 


5-Lead Surface-Mount Package 


TAB IS 
INPUT 


Es 





5- OUTPUT 
4- GROUND 
3- INPUT 
2- ON/OFF 
1- ADJUST 
DS011260-11 
Top View 
bS011260-12 
Side View 


Order Number LM2991S 
See NS Package Number TS5B 


16-Lead Ceramic Dual-in-Line Package 


N/C 
N/C 
ADJ 
N/C 
N/C 
N/C 
N/C. 
N/C 


7 1 
2 
3 
4 
5 
6 
7 
8 





DS011260-29 
Top View ' | 
Order Number LM2991J-QMLV 
5962-9650501VEA 
Order Number LM2991J-QML 
5962-9650501QEA 
See NS Package Number J16A 
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16-Lead Ceramic Surface-Mount Package 


NICH 1 INPUT 
ADJUST—4 2 N/C 
ON/OFF~{ 3 N/C 

GROUND~| 4 N/C 

NIC 5 N/C 

N/C 6 N/C 

OUTPUT~| 7 N/C 
8 


N/C N/C 





DS011260-30 


Top View 
Order Number LM2991WG-QML 
5962-9650501QXA 
See NS Package Number WG16A 
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National Semiconductor 


LM3460-1.2, -1.5 
Precision Controller for GTLp and GTL Bus Termination 


General Description Features 


The LM3460 is a monolithic integrated circuit designed for ™ Precision output (1%) 

precision control of GTLplus and GTL Bus termination. This ™ Output voltage can be adjusted 

controller is available in a tiny SOT23-5 package, and in- =m Extremely fast transient response in GTLp and GTL bus 
cludes an internally compensated op amp, a bandgap refer- termination 

ence, an NPN output transistor, and voltage setting resistors. ™ Tiny SOT23-5 package 


A trimmed precision bandgap voltage reference utilizes tem- =m Output voltage capability for GTL or GTLp 
perature drift curvature correction for excellent voltage stabil- ™ Low temperature coefficient 

ity over the operating range. The precision output control en- 

ables the termination voltage to maintain tight regulation, . . 

despite fast switching requirements on the bus. Applications 

The LM3460 controller is designed to be used with a high ™ GL bus termination (1.2V output 7A) 
current (> 7A) NPN pass transistor to provide the high cur- ™ GTLp bus termination (1.5V output 7A) 
rent needed for the bus termination. The wide bandwidth of | ™ Adjustable high-current linear regulator 
the feedback loop provides excellent transient response, 

and greatly reduces the output capacitance required, thus 

- reducing cost and board space requirements. 


Connection Diagram and Package Information 


5-Lead Outline Package (M5) 
Actual Size 


DS012603-2 
1 ) 
VN Output 
GND 


+ Comp. 


3 
DS012603-1 DS012603-3 





*This resistor is not used on the LM3460-1.2. *No internal connection, but should be soldered to PC board for best heat 


transfer. 
LM3460 Functional Diagram . 
Top View 


See NS package Number MFO5A 


Ordering Information 


1000 Unit Increments on Tape and Reel 
3000 Unit Increments on Tape and Reel 
| 
, 





Supplied As 



















LM3460M5-1.2 DO9A 1000 Unit Increments on Tape and Reel 
LM3460M5X-1.5 DO9A 3000 Unit Increments on Tape and Reel 


MARKING CODE: The first letter “D” identifies the part as a Driver, and the next two numbers define the voltage for the part. The fourth letter indicates the 
grade, with “A” designating the prime grade of product. 

AVAILABILITY: The SOT23-5 package is only available in quantity of 1000 on tape and reel (designated by the letters “M5” in the part number), or in quantity 
of 3000 on tape and reei (indicated by the letters ”M5xX” in the part number). 





17-41 www.national.com 


LM3460 


Typical Applications 


Vin 
3.0-3.6V @ 7A 





















R1 
1k Q3 
2N3906 
Q2 | 
C3 
MMBT2222 : en 
6.3V 
Vout 
IN 
0.1 U1 + C4 
7 LM3460-1.5 ae 
MMBT2222 ca COMP : 


Pe _GND 



















GND GND 
DS012603-4 
FIGURE 1. 1.5V Typical Application (See Application Information Section) 
VIN 
3.0-3.6V @ 7A 
Q3 
2N3906 
MMBT2222 ee: 
Vout 
1.2V @ 7A 
IN 
U1 + C4 
LM3460-1.2 330 
Qt 6.3V 
MMBT2222 
ze 1N4001 
\ R5 
510 
GND GND 
DS012603-5 


FIGURE 2. 1.2V Typical Application (See Application Information Section) 
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National Semiconductor 


LM3480 
100 mA, SOT-23, Quasi Low-Dropout Linear Voltage 
Regulator 


General Description Key Specifications 


The LM3480 is an integrated linear voltage regulator. It fea- | ™ 30V maximum input for operation 
tures operation from an input as high as 30V and a guaran- m# 1.2V guaranteed maximum dropout over full load and 


teed maximum dropout of 1.2V at the full 100 mA load. Stan- temperature ranges 

dard packaging for the LM3480 is the 3-lead SuperSOT® ~—== 100 mA guaranteed minimum load current 

package. m +5% guaranteed output voltage tolerance over full load 
The 5, 12, and 15V members of the LM3480 series are in- and temperature ranges 


tended as tiny alternatives to industry standard LM78LXX = —40 to +125°C junction temperature range for operation 
series and similar devices. The 1.2V quasi low dropout of 
LM3480 series devices makes them a nice fit in many appli- 
cations where the 2 to 2.5V dropout of LM78LXX se de- Features 
vices precludes their (LM78LXX series devices) use. 
The LM3480 series features a 3.8V member. The SOT pack- 
aging and quasi low dropout features of the LM3480 series : a 
converge in this device to provide a very nice, very tiny 3.3V, Applications 
100 mA bias supply that regulates directly off the system =m Tiny alternative to LM78LXX series and similar devices 
5V£5% power supply. m Tiny 5V+5% to 3.3V, 100 mA converter 

m™ Post regulator for switching DC/DC converter 

m Bias supply for analog circuits 


m@ 3.3, 5, 12, and 15V versions available 
m Packaged in the tiny 3-lead SuperSOT package 


Typical Application Circuit 







OV i5% IN 3.3V, 100 mA OUT 








2 LM3480IM3-3.3 1 





Cn Cour 
0.1 uF 0.1 wF 


DS100070-2 


Connection Diagram 





DS$100070-1 


Top View 
SOT-23 Package 
3-Lead, Molded-Plastic Small-Outline Transistor (SOT) Package 
Package Code MFO3A (Note 1) 
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LM3480 


Ordering Information 




















Output Order 





Package 
Marking 
(Note 3) 


Voltage Number 
(V) (Note 2) 
LM3480IM3-3.3 1000 Units on Tape and Ree! 


3 

[33a [imeseomax-s3 | Loa | 8000 Units on Tape andRee! | 
[5 | imeseoms-s0 | LB | 1000 Unts on Tape and Reel | 
[s___[imeseomax-s0 | Lo | 8000 Units on Tape and Reel | 
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National Semiconductor 


LM3490 
100 mA, SOT-23, Quasi Low-Dropout Linear Voltage 
Regulator with Logic-Controlled ON/OFF 


General Description Key Specifications 


The LM3490 is an integrated linear voltage regulator. It fea- © ™ 30V maximum input for operation 

tures operation from an input as high as 30V and a guaran- m™ 1.2V guaranteed maximum dropout over full load and 
teed maximum dropout of 1.2V at the full 100 mA load. Stan- temperature ranges 

dard packaging for the LM3490 is the 5-lead SOT-23  # 100 mA guaranteed load current 

package. A logic-controlled ON/OFF feature makes the ™ +5% guaranteed output voltage tolerance over full load 
LM3490 ideal for powering subsystems ON and OFF as and temperature ranges 

needed. m —40 to +125°C junction temperature range for operation 
The 5, 12, and 15V members of the LM3490 series are in- 

tended as tiny alternatives to industry standard LM78LXX Features 

series and similar devices. The 1.2V quasi low dropout of ‘ 
LM3490 series devices makes them a nice fit in many appli- ™ 3-3, 5, 12, and 15V versions available 
cations where the 2 to 2.5V dropout of LM78LXX series de- | _™ Logic-controlled ON/OFF 

vices precludes their (LM78LXX series devices) use. m Packaged in the tiny 5-lead SOT-23 package 


The LM3490 series features a 3.3V member. The SOT pack- . . 
aging and quasi low dropout features of the LM3490 series Applications 
converge in this device to provide a very nice, very tiny 3.3V, = Tiny alternative to LM78LXX series and similar devices 
100 mA bias supply that regulates directly off the system Tiny 5V+5% to 3.3V, 100 mA converter 
SV5% power supply. = Post regulator for switching DC/DC converter 
m Bias supply for analog circuits 


Typical Application Circuit 


ON/OFF [> 






a) 
LM3490IM5-3.3 


9V£5% IN 3.3V, 100 mA OUT 









) 





Cn Cout 
0.1 uF 0.1 uF 


DS100071-2 





OUT 
DS100071-1 


Top View 
SOT-23 Package 
5-Lead, Molded-Plastic Smaili-Outline Transistor (SOT) Package 
Package Code MFOS5A(Note 1) 
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LM3490 


Ordering Information 
Order 


















Output 
Voltage 


Package 
Number Marking 
(Note 2) (Note 3) 


(V) 
LM3490IM5-3.3 L78B 1000 Units on Tape and Reel 







Comments 


LMS3490IM5-5.0  L79B 1000 Units on Tape and Reel | 
LM3490IM5X-5.0. == + | ~~. ~+L79B ~~ | 3000 Units on Tape and Reel. 





ed 
[71000 Units on Tape and Reel 





LM3490IM5-15 L81B 1000 Units on Tape and Reel 
LM3490IM5X-15 L81B 3000 Units on Tape and Reel 






www.national.com _ . 17-46 


LM3490IM5X-3.3 __L78B 3000 Units on Tape and Reel Pee 


National Semiconductor 


Oré6éeW) 


LM3940 
1A Low Dropout Regulator for 5V to 3.3V Conversion 


General Description Features | 
The LM3940 is a 1A low dropout regulator designed to pro- ™ Output voltage specified over temperature 
vide 3.3V from a 5V supply. m Excellent load regulation 


The LM3940 is ideally suited for systems which contain both ™ Guaranteed 1A output current 

5V and 3.3V logic, with prime power provided from a5V bus. ™ Requires only one external component 
Because the LM3940 is a true low dropout regulator, itcan  ™ Built-in protection against excess temperature 
hold its 3.38V output in regulation with input voltages as low —_m@ Short circuit protected 

as 4.5V. 

The T0-220 package of the LM3940 means that in most ap- Applications 

plications the full 1A of load current can be delivered without Laptop/Desktop Computers 

using an additional heatsink. 

The surface mount TO-263 package uses minimum board 
space, and gives excellent power dissipation capability when 
soldered to a copper plane on the PC board. 


= Logic Systems 


Typical Application 








LM3940 





SV IN 3.3V @ 1A 


*0.47 uF **33 uF 


DS012080-1 


*Required if regulator is located more than 1" from the power supply filter capacitor or if battery power is used. 
**See Application Hints. 
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LM3940 


_ Connection Diagram/Ordering Information 


INPUT wR 
2 INPUT x 
GND os GND = 
© GND x GND 
OUTPUT ° S 
OUTPUT 
DS012080-2 
. . . DS012080-3 
jommeaa 1-220 Reckage | 3-Lead TO-263 Package 
(Front View) (Front View) 
mali tara aaah tad ge a Order Part Number LM39401S-3.3 
: g NSC Drawing Number TS3B 
INPUT 
GND ne | fj GND 
OUTPUT 


‘DS012080-10 


3-Lead SOT-223 
(Front View) 
Order Part Number LM3940IMP-3.3 
Package Marked L52B 
NSC Drawing Number MA04A 


N/C 
N/C 


NiC—] 1 Nic 1 

Sea fie Nic 2 

OUT+] 3 GND ean 
NiC— 4 GND ceed 

GND4] 5 GND pea fa 
NIC 6 GND en 

NiC4 7 : 

: 8 


N/C 





DS012080-27 


DS012080-28 
16-Lead Ceramic Dual-in-Line Package 


a 16-Lead Ceramic Surface-Mount Package 
slop view) (Top View) 
Order Part Number LM3940J-3.3-QML | Order Part Number LM3940WG-3.3-QML 
5962-9688401QEA : 5962-96884010XA 
NSC Drawing Number J16A 


NSC Drawing Number WG16A 
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National Semiconductor 


LMS1585A/LMS1587 


5A and 3A Low Dropout Fast Response Regulators 


General Description 


The LMS1585A and LMS1587 are low dropout positive regu- 
lators with output load current of 5A and 3A respectively. 
Their low dropout voltage (1.2V) and fast transient response 
make them an excellent solution for low voltage micropro- 
cessor applications. 

The LMS1585A/87 are available in adjustable versions, 
which can set the output voltage with only two external resis- 
tors. In addition, they are also available in 1.5V and 3.3V 
fixed voltage version (Note 9). 

The LMS1585A/87 circuits include a zener trimmed bandgap 
reference, current limiting and thermal shutdown. 

The LMS1585A/87 series are available in TO-220 and TO- 
263 packages. 


Typical Application 


Features 

m Fast transient response 

m Available in Adjustable, 1.5V, and 3.3V versions 
Current limiting and thermal protection 
Commercial temp. range 

Industrial temp. range 

Line regulation 

Load regulation 

Direct replacement for LT™1585A/87 


0°C to 125°C 
-40°C to 125°C 
0.005% (typical) 
0.05% (typical) 


Applications 

m= Pentium™ processor supplies 

= PowerPC™ supplies 

m Other 2.5V to 3.6V microprocessor supplies 
m= Low voltage logic supplies 






Viy = 4-75 


* REQUIRED FOR STABILITY 


Connection Diagrams 


TO-220 


Vout , INPUT 
O |) OUTPUT 
Po ADS / GND 


DS101197-36 


Top View 
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LMS 1585A/87-3.3 


DS101197-1 
TO-263 
INPUT 
TAB IS 
Vout OUTPUT 
ADJ/GND 
DS101197-35 
Top View 
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L8SLSWT/VS8SLSW1 





LMS1585A/LMS1587 


Ordering Information 


| Output Package Temperature Range 
Current 








3A 0°C to 125°C 
—40°C to 125°C 

TO-220 0°C to 125°C 
| —40°C to 125°C 

5A TO-263 0°C to 125°C 


-40°C to 125°C 


TO-220 0°C to 125°C 
-40°C to 125°C 
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Part Number 


LMS1587CS-ADJ 
LMS1587CSX-ADJ 
LMS1587CS-1.5 
LMS1587CSX-1.5 
LMS1587CS-3.3 
LMS1587CSX-3.3 
LMS15871S-ADJ 
LMS1587ISX-ADJ 
LMS15871S-1.5 
LMS1587ISX-1.5 
LMS15871S-3.3 
LMS15871SX-3.3 
LMS1587CT-ADJ 
LMS1587CT-1.5 
LMS1587CT-3.3 
LMS1587IT-ADJ 
LMS1587IT-1.5 
LMS1587IT-3.3 
LMS1585ACS-ADJ 
LMS1585ACSX-ADJ 
LMS1585ACS-1.5 
LMS1585ACSX-1.5 
LMS1585ACS-3.3 
LMS1585ACSX-3.3 
LMS1585AIS-ADJ 
LMS1585AISX-ADJ 
LMS1585AlS-1.5 
LMS1585AISX-1.5 
LMS1585AlS-3.3 
LMS1585AlSX-3.3 
LMS1585ACT-ADJ 
LMS1585ACT-1.5 
LMS1585ACT-3.3 
LMS1585AIT-ADJ 
LMS1585AlT-1.5 
LMS1585AIT-3.3 
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Transport Media | 


Tape and Reel 

Rails 
Tape and Reel 
Tape and Reel 
Tape and Reel 


Tape and Reel 


Tape and Reel | 


Tape and Reel 
Tape and Reel 
Tape and Reel 
Tape and Reel 
Tape and Reel 


Tape and Reel 


~NSC 
Drawing 


TS3B 


T03B 


TS3B 


T03B 


Simplified Schematic 


0 Vin 
a cin 
\/ 
Limit 
@ 
ae, 


Substrate 
on OGND (FIXED OUTPUT) 


L8SLSINV/VS8SLSINI 





D Vout 


— — — -OADJ. (ADJUSTABLE OUTPUT) 
DS101197-14 
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LMS8117 


AY rational Semiconductor 


LMS8117 | 
1A Low-Dropout Linear Reg 


General Description 


The LMS8117 is a series of low dropout voltage regulators 
with a dropout of 1.2V at 1A of load current. It has the same 
pin-out as National Semiconductor's industry standard 
LM317. 

The LMS8117 is available in an adjustable version, which 
can set the output voltage from 1.25V to 13.8V with only two 
external resistors. In addition, it is also available in two fixed 
voltages, 1.8V and 3.3V. 

The LMS8117 offers current limiting and thermal shutdown. 
Its circuit includes a zener trimmed bandgap reference to as- 
sure output voltage accuracy to within +1%. 

The LMS8117 series is available in SOT-223 and TO-252 
D-PAK packages. A minimum of 10yF tantalum capacitor is 
required at the output to improve the transient response and 
stability. 


Typical Application 


ulator 
Features 
m Available in 1.8V, 3.3V, and Adjustable Versions 
m Space Saving SOT-223 and TO-252 Packages 
= Current Limiting and Thermal Protection 
= Output Current 1A 
m Temperature Range 0°C to 125°C 
m@ Line Regulation 0.2% (Max) 
m Load Regulation 0.4% (Max) 


Applications 

m Post Regulator for Switching DC/DC Converter 
m High Efficiency Linear Regulators 

= Battery Charger 

m Battery Powered Instrumentation 


Fixed Output Regulator 


LMS8117-XX 






10uF * 
Tantalum 


10uUF 
Tantalum 


*Required if the regulator is located far from 


the power supply filter 
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DS101196-28 
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Ordering Information 


Temperature Range 
(Ty) 


0°C to +125°C 
LMS8117AMP-ADJ LSOA 1k Tape and Reel | 


ZLLSSINT 











NSC 
Drawing 






Transport Media 





Package Packaging Marking 





3-lead MP04A 







SOT-223 LMS8117AMPX-ADJ LSOA 2k Tape and Reel 
LMS8117AMP-1.8 LSOO 1k Tape and Reel 
LMS8117AMPX-1.8 LS0O 2k Tape and Reel 
LMS8117AMP-3.3 LSO1 . 1k Tape and Reel 

3-lead TO-252 LMS8117ADT-ADJ LMS8117ADT-ADJ =| —~—iéRRISN—@— ss 













[—inseri7aor1a | seivvapre [Sales 
[—iwseiizaprsa | iwseni7aoraa [als 


Connection Diagrams 


LMS8117AMPX-3.3 LSO1 2k Tape and Reel 
LMS8117ADTX-ADJ LMS8117ADT-ADJ 2.5k Tape and Reel 





SOT-223 TO-252 
INPUT Input 
be is OUTPUT 
OUT Tab is tate 
ADJ/GND Vout d 
DS101196-99 
. Adj/GND 
Top View 
DS101196-38 
Top View 





17-53 www.national.com 


LMS8117 


Block Diagram 


— — — b—WWA—0 OND (FIXED OUTPUT) 


— = — -O ADJ. (ADJUSTABLE OUTPUT) 
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Substrate 


9 Vin 


D Your 


DS101196-1 





LP2950/LP2951 


National Semiconductor 


LS62d 1/0S6¢d1 


Series of Adjustable Micropower Voltage Regulators 


General Description 


The LP2950 and LP2951 are micropower voltage regulators 
with very low quiescent current (75 YA typ.) and very low 
dropout voltage (typ. 40 mV at light loads and 380 mV at 
100 mA). They are ideally suited for use in battery-powered 
systems. Furthermore, the quiescent current of the LP2950/ 
LP2951 increases only slightly in dropout, prolonging battery 
life. 


The LP2950-5.0 is available in the surface-mount D-Pak 
package, and in the popular 3-pin TO-92 package for 
pin-compatibility with older 5V regulators. The 8-lead 
LP2951 is available in plastic, ceramic dual-in-line, or metal 
can packages and offers additional system functions. 


One such feature is an error flag output which warns of a low 
output voltage, often due to falling batteries on the input. It 
may be used for a power-on reset. A second feature is the 
logic-compatible shutdown input which enables the regulator 
to be switched on and off. Also, the part may be pin-strapped 
for a 5V, 3V, or 3.3V output (depending on the version), or 
programmed from 1.24V to 29V with an external pair of re- 
sistors. 

Careful design of the LP2950/LP2951 has minimized all con- 
tributions to the error budget. This includes a tight initial tol- 
erance (.5% typ.), extremely good load and line regulation 


(.05% typ.) and a very low output voltage temperature coef- 
ficient, making the part useful as a low-power voltage refer- 
ence. 


Features 


5V, 3V, and 3.3V versions available 
High accuracy output voltage 
Guaranteed 100 mA output current 
Extremely low quiescent current 

Low dropout voltage 

Extremely tight load and line regulation 
Very low temperature coefficient 

Use as Regulator or Reference 

Needs minimum capacitance for stability 
Current and Thermal Limiting 

Stable with low-ESR output capacitors 


LP2951 versions only 

m™ Error flag warns of output dropout 

m Logic-controlled electronic shutdown 

= Output programmable from 1.24 to 29V 


Block Diagram and Typical Applications 


LP2950 


UNREGULATED DC 





OUTPUT 


Te 


Vout 
| <100mA 







SEE APPLICATION 
AMPLIFIER HINTS 









1.23V 
REFERENCE 





GROUND 


DS008546-25 


LP2951 


Vout 
UNREGULATED DC | < 100 mA 


7 
FEED- 
BACK 











\NPUT 
ERROR + 
AMPLIFIER SEE APPLICATION 

HINTS 


OR TTL 





ERROR DETECTION COMPARATOR 


DS008546-1 
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LP2950/LP2951 


Connection Diagrams 


TO-92 Plastic Package (Z) 


OUTPUT INPUT 





 GNDT 


DS008546-2 


Bottom View 


Metal Can Package (H) 
INPUT 







OUTPUT(1) (7) FEEDBACK 
SENSE(2) (6) 5V TAP 


SHUTDOWN (3) 


(5) ERROR 


GROUND 


DS008546-19 


Top View | 


TO-252 (D-Pak) 






mf | | OUTPUT 


Tab is 
GND 


-—[ 7 [input 


DS008546-70 


Front View 
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Dual-in-Line Packages (N, J) 
Surface-Mount Package (M, MM) 


OUTPUT 
— FEEDBACK 


VraP 


GROUND ERROR 





DS008546-26 


Top View 


10-Lead Ceramic Surface-Mount Package (WG) 7 


OUTPUT INPUT 
SENSE FEEDBACK 
SHUTDOWN VAP 
GND ERROR 
N/C 





DS008546-64 


Top View 
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Ordering Information 


Package Temperature 
(0 
TO-92 (Z) LP2950ACZ-3.0 LP2950ACZ-3.3 LP2950ACZ-5.0 -40 <T, < 125 
inal frivoeesel [hosel [rors al 
N (N-O8E) LP2951ACN-3.0 LP2951ACN-3.3 LP2951ACN -40 <T, < 125 
Oe” womens \oewions lene 
M (MO8A) LP2951ACM-3.0 LP2951ACM-3.3 LP2951ACM -40 < T, < 125 
omens losmuss loge |! 


MM (MUAO8A) in | LP2951ACMM-3.0 | LP2951ACMM-3.3 | LP2951ACMM -40 <T, < 125 
Tape and Reel 
LP2951CMM-3.0 | LP2951CMM-3.3 | LP2951CMM 


J (JO8A) LP2951ACJ -40 <T, < 125 
LP2951CJ 
LP2951J -55 <T, < 150 
LP2951J/883 
5926-3870501MPA 


LS62d 1/0S6¢d 1 





H (HO8C) LP2951H/883 -55 < T, < 150 
5962-3870501MGA 
WG (WG10A) 


LP2951WG/883 -55 < T,; < 150 
5962-3870501MXA 
Package Marking for MM Package: 


LP2951ACMM-3.0 
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LP2952/LP2952A/LP2953/LP2953A 
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National Semiconductor 


LP2952/LP2952A/LP2953/LP2953A cat 
Adjustable Micropower Low-Dropout Voltage Regulators 


General Description 


The LP2952 and LP2953 are micropower voltage regulators 
with very low quiescent current (130 A typical at 1 mA load) 
and very low dropout voltage (typ. 60 mV at light load and 
470 mV at 250 mA load current). They are ideally suited for 
battery-powered systems. Furthermore, the quiescent cur- 
rent increases only slightly at dropout, which prolongs bat- 
tery life. 


The LP2952 and LP2953 retain all the desirable characteris- 
tics of the LP2951, but offer increased output current, addi- 
tional features, and an improved shutdown function. 


The internal crowbar pulls the output down quickly when the 
shutdown is activated. 


The error flag goes low if the output voltage drops out of 
regulation. 


Reverse battery protection is provided. . 


The internal voltage reference is made available for external 
use, providing a low-T.C. reference with very good line and 
load regulation. 


The parts are available in DIP and surface mount packages. 


Block Diagrams 


LP295 


y 


FEED 
BACK INPUT OUTPUT “ 
y SENSE 
+ 
ERROR 
O 
xi 
DROPOUT abit. 
DETECTION 
COMP 
i S 


HUTDOWN 
COMP 


V TAP 


ee ee a ee ee ee ee 
30 
=o 


SHUT 


DOWN 


a 

= Pas) =e ee oe 
™m 

m 

ho 

GN 

< 

7 

a + 


GROUND 


Mm 
a 
= ee eee eee Ps) = — 
oO 
7a 


DS011127-1 


Features 


Output voltage adjusts from 1.23V to 29V 
Guaranteed 250 mA output current 
Extremely low quiescent current 

Low dropout voltage 

Extremely tight line and load regulation 
Very low temperature coefficient 

Current and thermal limiting 

Reverse battery protection 

50 mA (typical) output pulldown crowbar 
5V and 3.3V versions available _ 


LP2953 Versions Only 


Auxiliary comparator included with CMOS/TTL 
compatible output levels. Can be used for fault 
detection, low input line detection, etc. 


Applications 


17-58 


High-efficiency linear regulator 
Regulator with under-voltage shutdown . 
Low dropout battery-powered regulator 
Snap-ON/Snap-OFF regulator 


LP2953 


FEED 
BACK INPUT OUTPUT 7 


—— eee es 





DROPOUT 
DETECTION 
COMP 
SHUT 
DOWN 
i] 
COMP 
INPUT 
I 
+ i 
VREF COMP i 
1.23 V 
cee a oe ee ee GROUND 


DS011127-2 


Pinout Drawings 


LP2952 
14-Pin DIP 


SHUTDOWN 
ERROR 
GROUND 
GROUND 
GROUND 
REFERENCE 
V TAP 


LP2952 
16-Pin SO 


GROUND 
NC 
OUTPUT 
SENSE 
SHUTDOWN 
ERROR 

NC 
GROUND 


Ordering Information 
LP2952 


Order 
Number 


LP29521N, 
LP2952AIN, 
LP29521N-3.3, 
LP2952AIN-3.3 


LP2952IM, 
LP2952AIM, 


LP2952IM-3.3, 
LP2952AIM-3.3 








SENSE 
OUTPUT 
GROUND 
GROUND 
GROUND 
INPUT 
FEEDBACK 


DS011127-11 


GROUND 
INPUT 
FEEDBACK 
V TAP 
REFERENCE 


GROUND 


DS011127-12 


Package NSC 
Drawing 
Number 
14-Pin 
Molded 
DIP 


16-Pin 
Surface 
Mount 


LP2953 
16-Pin DIP 


V TAP 
FEEDBACK 
INPUT 
GROUND 
GROUND 
OUTPUT 
NC 
SENSE 


LP2953 
16-Pin SO 


GROUND 
NC 
OUTPUT 
SENSE = 
SHUTDOWN 
ERROR 

NC 
GROUND 


LP2953 


Order 
Number 


LP2953 IN, 
LP2953AIN, 
LP2953IN-3.3, 
LP2953AIN-3.3 


LP29531M, 
LP2953AIM, 
LP2953IM-3.3, 
LP2953AIM-3.3 


LP2953AMJ/883 
5962-9233601MEA 
LP2953AMJ-QMLV 
5962-9233601VEA 
LP2953AMWG/883 
5962-9233601QXA 
LP2953AMWG-QMLV 
5962-9233601VXA 











REFERENCE 
COMP INPUT 
COMP OUT 
GROUND 
GROUND 

NC 

ERROR 
SHUTDOWN 


DS011127-13 


GROUND 
INPUT 
FEEDBACK 
V TAP 
REFERENCE 
COMP INPUT 
COMP OUT 
GROUND 


DS011127-14 


Package NSC 
Drawing 
Number 
16-Pin 
Molded DIP 


16-Pin 
Surface 
Mount 


16-Pin 
Ceramic 
DIP 


16-Pin 
Ceramic 
Surface 

Mount 
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LP2954/LP2954A 5V 





LP2954/LP2954A 


National Semiconductor 


5V and Adjustable Micropower Low-Dropout Voltage 


Regulators 


General Description 


The LP2954 is a 5V micropower voltage regulator with very 
low quiescent current (90 WA typical at 1 mA load) and very 
low dropout voltage (typically 60 mV at light loads and 
470 mV at 250 mA load current). 


The quiescent current increases only slightly at dropout 
(120 PA typical), which prolongs battery life. 


The LP2954 with a fixed 5V output is available in the 
three-lead TO-220 and TO-263 packages. The adjustable 
LP2954 is provided in an 8-lead surface mount, small outline 
package. The adjustable version also provides a resistor net- 
work which can be pin strapped to set the output to 5V. 


Reverse battery protection is provided. 


The tight line and load regulation (0.04% typical), as well as 
very low output temperature coefficient make the LP2954 
well suited for use as a low-power voltage reference. 


Output accuracy is guaranteed at both room temperature 
and over the entire operating temperature range. 


Features 


m 5V output within 1.2% over temperature (A grade) 

m Adjustable 1.23 to 29V output voltage available 
(LP2954IM and LP2954AIM) 

Guaranteed 250 mA output current 

Extremely low quiescent current 

Low dropout voltage 

Reverse battery protection 

Extremely tight line and load regulation 

Very low temperature coefficient 

Current and thermal limiting 

Pin compatible with LM2940 and LM340 (5V version 
only) 

Adjustable version adds error flag to warn of output drop 
and a logic-controlled shutdown 


Applications 
@ High-efficiency linear regulator 
= Low dropout battery-powered regulator 


Package Outline and Ordering Information 


TO-220 3—Lead Plastic Package 


~_t 
GND] OUTPUT 
Lp) 
O} & GROUND 
ja 
a INPUT 
DS011128-2 


Front View 
Order Number LP2954AIT or LP2954IT 
See NS Package T03B 


SO-8 Small Outline Surface Mount 


VS 
OUTPUT—| 1 8 [-INPUT 
SENSE} 2 7 |—FEEDBACK 
SHUTDOWN—| 3 6 = 5V TAP 
GROUND] 4 5 ERROR 
0S011128-33 
Top View 


Order Number LP2954AIM or LP29541M 
See NS Package MO8A 
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Package Outline and Ordering Information (Continued) 


TO-263 3-Lead Plastic Surface-Mount Package 


OUTPUT 


TAB IS 
GND GND 


AS WvS6¢ed 1/7S62d1 


INPUT 
DS011128-9 


Top View 


DS011128-10 


Side View 
Order Number LP2954AlIS or LP2954IS 


See NS Package TS3B 
Ordering Information | 
Order Number Temp. Range Package NS Package 

(T,) °C (JEDEC) Number 
-40 to +125 TO-220 TO3B 
(deem aa (eed Aaa 
40 to +125 TO-263 TS3B 
~40 to +125 SO-8 MOBA 
=— | | 
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LP2956/LP2956A 





LP2956/LP2956A 


National Semiconductor 


Dual Micropower Low-Dropout Voltage Regulators 


General Description 


The LP2956 is a micropower voltage regulator with very low 
quiescent current (170 WA typical at light loads) and very low 
dropout voltage (typically 60 mV at 1 mA load current and 
470 mV at 250 mA load current on the main output). 


The LP2956 retains all the desirable characteristics of the | 


LP2951, but offers increased output current (main output), 


an auxiliary LDO adjustable regulated output (75 mA), and . 


additional features. 
The auxiliary output is always on (regardless of main output 


| Status), so it can be used to power memory circuits. . 


Quiescent current increases only slightly at dropout, which 
prolongs battery life. 


The error flag goes low if the main output voltage drops out 
of regulation. 


An open-collector auxiliary comparator is included, whose in- 
verting input is tied to the 1.23V reference. 


Reverse battery protection is provided. 
The parts are available in DIP and surface mount packages. 


Block Diagram 


Features 
= Output voltage adjusts from 1.23V to 29V 
m™ Guaranteed 250 mA current (main output) 
_ @ Auxiliary LDO (75 mA) adjustable output 
m™ Auxiliary comparator with open-collector output 
@ Shutdown pin for main output 
_ @ Extremely low quiescent current 
m™ Low dropout voltage 
m Extremely tight line and load regulation 
Very low temperature coefficient 
Current and thermal limiting 
Reverse battery protection 


Applications 

@ High-efficiency linear regulator 

m= Low dropout battery-powered regulator 

m uP system regulator with switchable high-current Voc 


LP2956 


Helly 


FEED | _ 
BACK 
MAIN OUT 


ERROR AMP 


a INPUT 


Ve 


OUTPUT 


iin | 


SENSE 


GROUND 


60 5V TAP 
mV 
+ 
La ERROR 
DROPOUT 
DETECTION 
a COMP SHUT 
AUX OUT = 
1 = ERROR AMP AUX 
i 
OUTPUT 
COMP 
INPUT 
COMP 
, OUTPUT 
I + AUXILIARY 
i COMP 
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Connection Diagrams 


16—Pin DIP 


5V TAP 
FEEDBACK 
INPUT 
GROUND 
GROUND 
OUTPUT 
NC 
SENSE 


COMP IN 
AUX FB 
AUX OUT 
GROUND 
GROUND 
COMP OUT 
ERROR 
SHUTDOWN 





DS011339-2 


Order Number LP2956IN or LP2956AIN 
See NS Package Number N16A 
Order Number LP2956AMJ-QML or 5962-9554701QEA 
See NS Package Number J16A 


16-Pin Surface Mount 


GROUND GROUND 
OUTPUT INPUT 
SENSE FEEDBACK 
SHUTDOWN 5V TAP 
ERROR COMP IN 
COMP OUT AUX FB 
NC AUX OUT 
GROUND GROUND 





DS011339-3 


Order Number LP2956IM or LP2956AIM 
See NS Package Number M16A 
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LP2957/LP2957A 





LP2957/LP2957A 


National Semiconductor 


5V Low-Dropout Regulator for pP Applications 


General Description 


The LP2957 is a 5V micropower voltage regulator with elec- 
tronic shutdown, error flag, very low quiescent current 
(150 pA typical at 1 mA load), and very low dropout voltage 
(470 mV typical at 250 mA load current). 

Output can be wired for snap-on/snap-off operation to elimi- 
nate transition voltage states where uP operation may be un- 
predictable. j 

Output crowbar (50 mA typical pull-down current) will bring 
down the output quickly when the regulator snaps off or 
when the shutdown function is activated. 

‘The part has tight line and load regulation (0.04% typical) 
and low output temperature coefficient (20 ppm/C typical). 
The accuracy of the 5V output is guaranteed at room tem- 
perature and over the full operating temperature range. 
The LP2957 is available in the five-lead TO-220 and TO-263 
packages. 


Package Outline 


Features 


5V output within 1.4% over temperature (A grade) 
Easily programmed for snap-on/snap-off output 
Guaranteed 250 mA output current 

Extremely low quiescent current 

Low Input-Output voltage required for regulation 
Reverse battery protection 

Extremely tight line and load regulation 

Very low temperature coefficient 

Current and thermal limiting 

Error flag signals when output is out of regulation 


3 Applications 


m@ High-efficiency linear regulator 
m Battery-powered regulator 


Bent, Staggered Leads 
5-Lead TO-220 (T) _ 









Lr SHUTDOWN 
ood GROUND 
1 OUTPUT 


<1 |NPUT 


DS011340-16 


Top View 
Order Number LP2957AIT or LP29571T 
See NS Package Number TO5D 


Plastic Surface Mount Package 
5-Lead TO-263 (S) 


TAB IS ERROR 
GND SHUTDOWN 
az GROUND 
OUTPUT 
INPUT 
DS011340-17 
Top View 
DS011340-18 
Side View 


Order Number LP2957AlIS or LP29571S 
See NS Package Number TS5B 
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LP2960 


National Semiconductor 


Adjustable Micropower 0.5A Low-Dropout Regulators 


General Description 


The LP2960 is a micropower voltage regulator with very low 
dropout voltage (12 mV typical at 1 mA load and 470 mV 
typical at 500 mA load) and very low quiescent current 
(450 UA typical at 1 mA load). 

The LP2960 is ideally suited for battery-powered systems: 
the quiescent current increases only slightly at dropout, 
which prolongs battery life. 

The LP2960 retains all the desirable characteristics of the 
LP2953, and offers increased output current. 

The error flag goes low any time the output drops more than 
5% out of regulation. 

Reverse battery protection is provided. 

The LP2960 requires only 10 uF of output capacitance for 
stability (5V version). 

The internal voltage reference is made available for external 
use, providing a low-T.C. reference with very good regulation 
characteristics. 

The parts are available in 16-pin plastic DIP and 16-pin sur- 
face mount packages. 


Block Diagram 


Dropout 
Detection 
Comp 





Shutdown 


Comp 
Input 


VREF 


Features 


Output voltage adjusts from 1.23V—29V 
Guaranteed 500 mA output current 

5V and 3.3V versions available 

16-pin DIP and 16-pin SO packages 
Low dropout voltage 

Low quiescent current 

Tight line and load regulation 

Low temperature coefficient 

Current limiting and thermal. protection 
Logic-level shutdown 

Can be wired for snap-ON and snap-OFF 
Reverse battery protection 


Applications 


/ 


mM 
> 
— a Oo 
s 






Auxiliary 
Comp 
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High-efficiency linear regulator 
Regulator with under-voltage shutdown 
Low dropout battery-powered regulator 
Cellular telephones 





Shutdown 
Comp 


Comp 
Output 


Ground 


DS011962-1 
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National Semiconductor. 


LP2966 


Dual 150mA Ultra Low-Dropout Regulator 


General Description 


The LP2966 dual ultra low-dropout (LDO) regulator operates 
from a +2.70V to +7.0V input supply..Each output delivers 
150mA over full temperature range. The IC operates with ex- 
tremely low drop-out voltage and quiescent current, which 
makes it very suitable for battery powered and portable ap- 
plications. Each LDO in the LP2966 has independent shut- 
down capability. The LP2966 provides low noise perfor- 
mance with low ground pin current in an extremely small 
MSOP-8 package (refer to package dimensions and connec- 
tion diagram for more information on MSOP-8 package). A 
wide range of preset voltage options are available for each 
output. In addition to the voltage combinations listed in the 
ordering information table, many more are available upon re- 
quest with minimum orders. In all, 256 voltage combinations 
are possible. 


Key Specifications 

Dropout Voltage: Varies linearly with load current. Typically 
0.9 mV at 1mA load current and 135mV at 150mA load cur- 
rent. 

Ground Pin Current: Typically 300uA at 1mA load current 
and 340uA at 100mA load current (with one shutdown pin 
pulled low). 


_ Shutdown Mode: Less than 1yA quiescent current when 


both shutdown pins are pulled low. 


Error Flag: Open drain output, goes low when the corre- 
sponding output drops 10% below nominal. . 
Precision Output Voltage: Multiple output voltage options 
available ranging from 1.8V to 5.0V with a guaranteed accu- 
racy of +1% at room temperature. 


Typical Application Circuit 







Features 

Ultra low drop-out voltage 

Low ground pin current 

<1uA quiescent current in shutdown mode 
Independent shutdown of each LDO regulator 
Output voltage accuracy +1% 

Guaranteed 150mA output current at each output 
Low output noise : 

Error Flags indicate status of each output 
Available in MSOP-8 surface mount packages 
Low output capacitor requirements (1yF) 
Operates with Low ESR ceramic capacitors in most 
applications : 
Over temperature/over current protection 

m -40°C to +125°C junction temperature range 


Applications 


m= Cellular and Wireless Applications 

m= Palmtop/Laptop Computer 

m GPS systems 

m Flat panel displays 

= Post regulators 

= USB applications 

m@ Hand held equipment and multimeters 
m= Wireless data terminals 

# Other battery powered applications 


Vout 1 
3.3V, OmA-150mA 






Cours 


l 1 pF 


O ERROR1** 





Vout2 
3.0V, 0 mA-150 mA 





O ERROR2** 


DS100850-30 


*$D1 and SD2 must be actively terminated through a pull up resistor. Tie to Vij if not used. . 
*““ERROR1 and ERROR2 are open drain outputs. These pins must be connected to ground if not used. 
# Minimum output capacitance is 1pF to insure stability over full load current range. More capacitance improves superior dynamic performance and provides 





additional stability margin. 
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Block Diagram 


996¢d1 





DS100850-31 


Connection Diagram 


Vout t 


Vout2 
ERROR 1 


ERROR2 





DS100850-32 


Top View 
Mini SO-8 Package 
8-Lead Smail Outline Integrated Circuit (SOIC) 
Package Code: MSOP-8 





Pin Description 


| Pin | Name | 
input Supply pin 
Active low shutdown pin for output 1 


SD2 Active low shutdown pin for output 2 


[GND __|Ground 


| 3 {spe 

Mina niin ie 
used. 

a | 

a ae 






































RROR1! Error flag for output 1 - Normally high impedance, should be connected to ground if not 
used. 


VOUT2 | Output 2 
vOuTH 
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LP2966 


Ordering Information 


The following voltage options and their combinations are possible. as bak 
5.0V, 4.0V, 3.8V, 3.6V, 3.3V, 3.2V, 3.1V, 3.0V, 2.9V, 2.8V, 2.7V, 2.6V, 2.5V, 2.4V, 2.0V and 1.8V . 


TABLE 1. 


Output Voltage 1 | Output Voltage 2 | Order Number Package Marking | . 
5.0 _ LP2966IMM-5050 LAFB 





Supplied As: 
1000 units on tape and reel 
3500 units on tape and reel 
1000 units on tape and reel 
3500 units on tape and reel 
1000 units on tape and reel 
3500 units on tape and reel 
1000 units on tape and reel 
3500 units on tape and reel 
1000 units on tape and reel 
3500 units on tape and reel 
1000 units on tape and reel 
3500 units on tape and reel _ | 
1000 units on tape and reel 
- 3500 units on tape and reel 
1000 units on tape and reel 
3500 units on tape and reel 
1000 units on tape and reel 
- 3500 units on tape and reel 
1000 units on tape and reel 
3500 units on Tape and reel 





LAFB 
LAEB 
LAH 
[AHE_ 
(ADE 
[33 —~i 33 «dtp eeeeimwx-sege | __LADB 
LAR 
CARE 
















“ACE 
“ACE 
“ASE 
ee 
eT 
ee a 
AAs 
"Aas 
cre 
oF 
LAQB 1000 units on tape and reel 
LAQB ~ 3500 units on tape and reel 


The voltage options and combinations shown in Table 1 are available. For other custom voltage options or combinations 
of voltage options, please contact your nearest National Semiconductor Sales Office. 
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LP2975 


National Semiconductor 


GZ6¢éd1 


MOSFET LDO Driver/Controller 


General Description 


A high-current LDO regulator is simple to design with the 
LP2975 LDO Controller. Using an external P-FET, the 
LP2975 will deliver an ultra low dropout regulator with ex- 
tremely low quiescent current. 


High open loop gain assures excellent regulation and ripple 
rejection performance. 


The trimmed internal bandgap reference provides precise 
output voltage over the entire operating temperature range. 


Dropout voltage is “user selectable” by sizing the external 
FET: the minimum input-output voltage required for opera- 
tion is the maximum load current multiplied by the Rpsg(ON) 
of the FET. 


Overcurrent protection of the external FET is easily imple- 
mented by placing a sense resistor in series with V,,y. The 
57 mV detection threshold of the current sense circuitry mini- 
mizes dropout voltage and power dissipation in the resistor. 
The standard product versions available provide output volt- 
ages of 12V, 5V, or 3.3V with guaranteed 25°C accuracy of 
1.5% (“A” grade) and 2.5% (standard grade). 


Block Diagram 


ON/OFF 


FEED 
BACK 


GROUND 





Features 

m= Simple to use, few external components 

m Ultra-small mini SO-8 package 

1.5% (A grade) precision output voltage 

m Low-power shutdown input 

@ <1 pAin shutdown 

= Low operating current (180 UA typical @ Vj, = 5V) 
m Wide supply voltage range (1.8V to 24V) 

@ Built-in current limit amplifier 

m Overtemperature protection 

m 12V, 5V, and 3.3V standard output voltages 
m Can be programmed using external divider 
m —40°C to +125°C junction temperature range 


Applications 

m@ High-current 5V to 3.3V regulator 

= Post regulator for switching converter 
™ Current-limited switch 


Connection Diagram 


Surface Mount Mini SO-8 Package 


ON/OFF —4 1 = 8 J INPUT 
FEEDBACK 4 2 7 = CURR LIM 
COMP 4 3 6 F— N/C 

GROUND — 4 5 = GATE 
DS100034-2 
Top View 


For Order Numbers 
See Table 1 of this Document 
See NS Package Number MUA08A 


DS100034-1 
“Rget values are: 208k for 12V part, 72.8k for 5V part, and 39.9k for 3.3V 
part. 
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LP2975 


Ordering Information 


TABLE 1. Package Marking and Ordering Information 


Output Voltage | Grade | Order Information | Package Marking Supplied As: 
12 3500 Units on Tape and Reel 
2 1000 Units on Tape and Reel 
12 LP2975IMMX-12 3500 Units on Tape and Reel 
12 STD LP2975IMM-12 1000 Units on Tape and Reel 
5.0 3500 Units on Tape and Reel 
5.0 1000 Units on Tape and Reel 
5.0 3500 Units on Tape and Reel 


5.0 | STD | LP2975IMM-5.0 | ~~ L46B  ~——+|_~—_—_—1000 Units on Tape and Reel 
3.3 3500 Units on Tape and Reel 
3.3 1000 Units on Tape and Reel 
3.3 3500 Units on Tape and Reel 
3.3 1000 Units on Tape and Reel 
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National Semiconductor 
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LP2978 
Micropower SOT, 50 mA Low-Noise Ultra Low-Dropout 


Regulator 
Designed for Use with Very Low ESR Output Capacitors 
General Description Features 


Ultra low dropout voltage 

Smallest possible size (SOT-23 Package) 
Requires minimum external components 
Stable with low-ESR output capacitor 

<1 yA quiescent current when shut down 
Low ground pin current at all loads 
Output voltage accuracy 1% (A Grade) 
High peak current capability 

Wide supply voltage range (16V max) 
Low Zoyrt: 0.30. typical (10 Hz to 1 MHz) 
Overtemperature/overcurrent protection 
-40°C to +125°C junction temperature range 
Custom voltages available 


The LP2978 is a 50 mA, fixed-output voltage regulator de- 
signed to provide ultra low-dropout and low noise in battery 
powered applications. 

Using an optimized VIP™ (Vertically Integrated PNP) pro- 
cess, the LP2978 delivers unequalled performance in all 
specifications critical to battery-powered designs: 

Dropout Voltage: Typically 120 mV @ 50 mA load, and 7 mV 
@ 1 mA load. 

Ground Pin Current: Typically 350 pA @ 50 mA load, and 
75 pA @ 1 mA load. 

Enhanced Stability: The LP2978 is stable with output ca- 
pacitor ESR as low as 5 mQ, which allows the use of ceramic 
Capacitors on the output. 


Sleep Mode: Less than 1 UA quiescent current when 


ON/OFF pin is pulled low. Applications 


Smallest Possible Size: SOT-23 package uses absolute , Cellular Phone 


minimum board space. 
fs m Palmtop/Laptop Computer 
Precision Output: 1% tolerance output voltages available m™ Personal Digital Assistant (PDA) 


i” grade). m™ Camcorder, Personal Stereo, Camera 
Low Noise: By adding a 10 nF bypass capacitor, output 


noise can be reduced to 30 uV (typical). 


Block Diagram 





DS100935-1 
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Basic Application Circuit 


LP2978 


"ON/OFF O 






O Vout 


OVER CURRENT/ 
OVER TEMP 


** 
PROTECTION Zed pt 


***0.01 uF 


DS100935-2 


“ON/OFF input must be actively terminated. Tie to Vin if this function is not to be used. 
**Minimum capacitance is shown to ensure stability (may be increased without limit). Ceramic capacitor required for output (see Application Hints). 
***Reduces output noise (may be omitted if application is not noise critical). Use ceramic or film type with very low leakage current (see Application Hints). 


Connection Diagram 


ON/ 
OFF GND Vin 





BYPASS Va 
DS100935-3 


See NS Package Number MFO5A 


Ordering Information 


TABLE 1. Package Marking and Ordering Information 


38 3000 Units on Tape and Real 
38 1000 Units on Tape and Ree 
38 3000 Units on Tape and Reel 
3.8 LP2978IM5-3.8 1000 Units on Tape and Reel 
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National Semiconductor 
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LP2980 
Micropower 50 mA Ultra Low-Dropout Regulator In 
SOT-23 and micro SMD Packages 


General Description Features 


Sleep Mode. Less than 1 yA quiescent current when ON/ 
OFF pin is pulled low. 

Smallest Possible Size. SOT-23 and micro SMD packages 
use an absolute minimum board space. 

Minimum Part Count. Requires only 1 UF of external ca- Applications 

pacitance on the regulator output. = Cellular Phone 

Precision Output. 0.5% tolerance output voltages available Palmtop/Laptop Computer 

(A grade). = Personal Digital Assistant (PDA) 
5.0V, 3.3V, and 3.0V versions available as standard prod- im Camcorder, Personal Stereo, Camera 
ucts. 


Low Zour over wide frequency range 
Overtemperature/overcurrent protection 
-40°C to +125°C junction temperature range 


The LP2980 is a 50 mA, fixed-output voltage regulator de- @ Ultra low dropout voltage 
signed specifically to meet the requirements of ™ Output voltage accuracy 0.5% (A Grade) 
battery-powered applications. m™ Guaranteed 50 mA output current 
Using an optimized VIP™ (Vertically Integrated PNP) pro- & Smallest possible size (SOT-23, micro SMD package) 
cess, the LP2980 delivers unequaled performance in all m Requires only 1 uF external capacitance 
specifications critical to battery-powered designs: m < 1 UA quiescent current when shutdown 
Dropout Voltage. Typically 120 mV @ 50 mAload, and7 mV _—_# Low ground pin current at all load currents 
@ 1 mA load. m High peak current capability (150 mA typical) 
Ground Pin Current. Typically 375 uA @ 50 mA load, and 80 ~—™ Wide supply voltage range (16V max) 
HA @ 1 mA load. m= Fast dynamic response to line and load 

| 

7 

| 


Block Diagram 





DS012078-1 
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LP2980 


Connection Diagram and Ordering Information 


5-Lead Small Outline Package (M5) 


ON/ 


OFF GND 


Vin 





N/C 


Vout 


DS012078-3 


Top View 


See NS Package Number MFO5A 
For ordering information see Table 7 


Ordering Information 


Output Voltage 
(V) 


TABLE 1. Package Marking and Order Information 


5-Lead Small Outline Package (M5) 


For output voltages < 2.3V, refer to LP2980LV datasheet. If a non-standard voltage is required, see LP2980-ADu. 


2.5 
2.5 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.7 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
3.0 
3.0 
3.0 
3.0 
3.1 
3.1 
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A 
A 
STD 
STD 
A 
A 
STD 
STD 
A 
A 
STD 

STD : 
A 
A 

STD 

STD 
A 
A 

STD 

STD 
A 
A 

STD 

STD 
A 
A 


micro SMD, 5 Bump Package (BPA05) 
ON/OFF 





1 
GND 


DS012078-64 


Note: The actual physical placement of the package marking will vary from 
part to part. The package marking ”X” will designate the date code and will 
vary considerably. Package marking does not correlate to device type in 
any way. 


Order Information 


LP2980AIM5X-2.5 


[ UPeSOAIMEX2S | 


LP2980IM5-2.8 


LP2980AIM5-3. 1 


LP2980AIM5-2.8 
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Top View 
See NS Package Number BPA05 


Package 
Marking 


LONA 
LONA 
LONB 
LONB 
L48A 
L48A 
L48B 
L48B 
-L26A 
L26A 
L26B 
L26B 
L13A 
L13A 
L13B 
L13B 
L12A 
L12A 
L12B 
L12B 
LO2A 
LO2A 
LO2B 
LO2B 
L30A 
L30A 


Supplied as: 


3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 


Ordering Information (continued) 
TABLE 1. Package Marking and Order Information (Continued) 


Output Voltage 
(V) 


Grade 


Order Information 


Package 
Marking 


Supplied as: 


For output voltages < 2.3V, refer to LP2980LV datasheet. If a non-standard voltage is required, see LP2980-ADu. 


3.1 
3.1 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 
3.5 
3.5 
3.5 
3.5 
3.6 
3.6 
3.6 
3.6 
3.8 
3.8 
3.8 
3.8 
4.0 
4.0 
4.0 
4.0 
4.5 
4.5 
4.5 
4.5 
4.7 
4.7 
4.7 
4.7 
5.0 
5.0 
5.0 
5.0 


> 


LP2980AIM5X-5.0 


micro SMD, 5 Bump = (BPA05) 


3.3 
3.3 
3.3 
3.3 
5.0 
5.0 
5.0 


‘i 


STD 


LP2980AIBPX-3.3 
LP2980IBP-3.3 
LP2980IBPX-3.3 


LP2980AIBP-5.0 
LP2980AIBPX-5.0 
LP2980IBP-5.0 
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L30B 
L30B 
L31A 
L31A 
L31B 
L31B 
LOOA 
LOOA 
LOOB 
LOOB 
L27A 
L27A 
L27B 
L27B 
L28A 
L28A 
L28B 
L28B 
L21A 
L21A 
L21B 
L21B 
L25A 
L25A 
L25B 
L25B 
LOXA 
LOXA 
LOXB 
LOXB 
L37A 
L37A 
L37B 
L37B 
LO1A 
LO1A 


LO1B 
LO1B 


3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Ree! 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel! 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 


250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
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LP2980 | 


Ordering Information (continued) 


TABLE 1. Package Marking and Order Information (Continued) 


Output Voltage Order Information Package 
(V) Marking 


micro SMD, 5 Bump Package (BPA0S5) 


5.0 STD LP2980IBPX-5.0 aaa: 
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- Supplied as: 


3000 Units on Tape and Reel 





LP2980-ADJ 


National Semiconductor 
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Micropower SOT, 50 mA Ultra Low-Dropout Adjustable 


Voltage Regulator 


General Description 


The LP2980-ADJ is a 50 mA adjustable voltage regulator de- 
signed to provide ultra low dropout in battery powered appli- 
cations. 

Using an optimized VIP™ (vertically Integrated PNP) pro- 
cess, the LP2980-ADJ delivers unequalled performance in 
all specifications critical to battery-powered designs: 
Adjustable Output: output voltage can be set from 1.23V to 
15V. 


Precision Reference: 0.75% tolerance. 

Dropout Voltage: typically 120 mV @ 50 mA load, and 7 mV 
@ 1 mA load. 

Ground Pin Current: typically 320 uA @ 50 mA load, and 80 
yA @ 1 mA load. 

Sleep Mode: less than 1 yA quiescent current when on/off 
pin is pulled low. 

Smallest Possible Size: SOT-23 package uses minimum 
board space. 


Block Diagram 


CURRENT/ 
THERMAL 
PROTECTION 






Features 


Ultra low dropout voltage 

Output adjusts from 1.23V to 15V 
Guaranteed 50 mA output current 

Uses tiny SOT-23 package 

Requires few external components 

<1 yA quiescent current when shutdown 
Low ground pin current at all loads 

High peak current capability (150 mA typical) 
Wide supply voltage range (2.5V—16V) 
Overtemperature/overcurrent protection 
—40°C to +125°C Junction temperature range 


Applications 


Cellular Phone 
Palmtop/Laptop Computer 
Camcorder, Personal Stereo, Camera 


Connection Diagram 


DS100001-1 


17-77 


5-Lead Small Outline Package (M5) 


ON/ 
OFF 


GND VIN 





ADJ Wire 


DS100001-2 
Top View 
See NS Package Number MA05B 
For ordering Information, refer to Tab/e 7 in this 
document 
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LP2980-ADJ 


Basic Application Circuit 


Oo Vin 


*ON/OFF © on 






eure 1.23+ 1.23(Rapj/51. ik): 4 


+ 
Ft uF O Vout 





OVER CURRENT/ 
OVER TEMP 
PROTECTION 


+ 
7 pF OP Ope 






RabJ 





DS100001-3 


*ON/OFF INPUT MUST BE ACTIVELY TERMINATED. TIE TO Vin IF THIS 
FUNCTION IS NOT TO BE USED. 


**MINIMUM CAPACITANCE IS SHOWN TO ENSURE STABILITY OVER 
FULL LOAD CURRENT RANGE (SEE APPLICATION HINTS). 


Ordering Information 


TABLE 1. Package Marking and Ordering Information 


Grade Order Information Package Marking Supplied as 
STD LP2980IM5X-ADJ LO6B 3k Units on Tape and Reel 


STD LP2980IM5-ADJ LO6B 250 Units on Tape and Reel 


For fixed output voltage versions, see LP2980 and LP2980LV datasheets. 
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National Semiconductor 


A1086¢2d1 





LP2980LV 
Micropower SOT, 50 mA Low-Voltage Low-Dropout 
Regulator For Applications With Output Voltages < 2V 


General Description Features 


The LP2980LV is a 50 mA, fixed-output voltage regulator de- | ™ Guaranteed 50 mA output current 
signed for high performance in applications requiring output | Smallest possible size (SOT-23 Package) 
voltages below 2V. Requires few external components 
Using an optimized VIP™ (Vertically Integrated PNP) pro- < 1 yA quiescent current when shutdown 
cess, the LP2980LV delivers unequalled performance in all Low ground pin current at all load currents 
specifications critical to battery-powered designs: Output voltage accuracy 0.5% (A Grade) 
Low Ground Pin Current. Typically 280 pA @ 50 mA load, High peak current capability (150 mA typical) 
and 75 pA @ 1 mA load. Wide supply voltage range (16V max) 
Sleep Mode. Less than 1 yA quiescent current when ON/ Fast dynamic response to line and load 
OFF pin is pulled low. Low Zoyz 0.12 typical (10 Hz to 1 MHz) 
Smallest Possible Size. SOT-23 package uses absolute Overtemperature/overcurrent protection 
minimum board space. -40°C to +125°C junction temperature range 
Precision Output. 0.5% tolerance output voltages available 
(A grade). Applications 

@ Cellular Phone 

m Paimtop/Laptop Computer 

m Personal Digital Assistant (PDA) 

= Camcorder, Personal Stereo, Camera 


Block Diagram 





(Do not make 
connections 
to this pin) 





DS101091-1 
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LP2980LV 


Connection Diagram 


5-lead Small Outline Package (M5) 


on/ 
OFF GND Vin 





N/C | Vout 
DS101091-2 


Top View 
For Ordering Information See Table 1 
See NS Package Number MA05B 


Ordering Information 


Output 
Voltage (V) 
1.5V 
1.5V 
1.5V 
1.5V 
1.8V 
1.8V 
1.8V 
1.8V 


TABLE 1. Package Marking and Ordering Information 


Order Information Package Supplied as: 
Marking 


LP2980AIM5X-1.5 LANA 3k Units on Tape and Reel 
LP2980AIM5-1.5 LANA 250 Units on Tape and Reel 


LP2980IM5X-1.5 LANB 3k Units on Tape and Reel 


LP2980IM5-1.5 LANB 250 Units on Tape and Reel 
LP2980AIM5X-1.8 LAGA 3k Units on Tape and Reel 


LP2980AIM5-1.8 LAGA 250 Units on Tape and Reel 
LP2980IM5X-1.8 LAGB 3k Units on Tape and Reel 
LP2980IM5-1.8 LAGB 250 Units on Tape and Reel 


A 
A 
STD 
STD 
A 
A 
STD 
STD 


| For output voltages > 2V, refer to LP2980 datasheet. If a non-standard voltage is required, see LP2980-ADuJ. 


Basic Application Circuit 
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O Vin 










DO NOT MAKE 

CONNECTIONS © 
TO THIS PIN 4 OVER CURRENT/ 
OVER TEMP 
PROTECTION 


* ON/OFF INPUT MUST BE ACTIVELY 
TERMINATED. TIE TO Viy IF THIS 
FUNCTION IS NOT TO BE USED. — 


** SEE APPLICATION HINTS. 


*** MINIMUM VALUE REQUIRED FOR STABILITY (MAY BE 
INCREASED WITHOUT LIMIT). 
DS101091-3 
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L86¢d1 


National Semiconductor 


LP2981 
Micropower 100 mA Ultra Low-Dropout Regulator in 
SOT-23 and micro SMD Packages 


General Description Features 


The LP2981 is a 100 mA, fixed-output voltage regulator de- Ultra iow dropout voltage 

signed _ specifically to meet the requirements of Output voltage accuracy 0.75% (A Grade) 
battery-powered applications. Guaranteed 100 mA output current 

Using an optimized VIP™ (Vertically Integrated PNP) pro- Smallest possible size (SOT-23, micro SMD package) 
cess, the LP2981 delivers unequaled performance in all < 1 yA quiescent current when shutdown 
specifications critical to battery-powered designs: Low ground pin current at all load currents 

Dropout Voltage. Typically 200 mV @ 100 mA load, and High peak current capability (300 mA typical) 

7 mV @ 1 mA load. Wide supply voltage range (16V max) 

Ground Pin Current. Typically 600 pA @ 100 mA load, and Fast dynamic response to line and load 

80 HA @ 1 mA load. Low Zour over wide frequency range 

Sleep Mode. Less than 1 YA quiescent current when ON/ Overtemperature/overcurrent protection 

OFF pin is pulled low. -40°C to +125°C junction temperature range 
Smallest Possible Size. SOT-23 and micro SMD packages 

use an absolute minimum board space. Applications 

Precision Output. 0.75% tolerance output voltages avail- @ Cellular Phone 

able (A grade). m Palmtop/Laptop Computer 

Eleven voltage options, from 2.5V to 5.0V, are available aS sg personal Digital Assistant (PDA) 

standard products. 


= Camcorder, Personal Stereo, Camera 


Block Diagram 





OVER CURRENT/ 
OVER TEMP 
PROTECTION 





DS012506-1 
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LP2981 


Connection Diagrams 


5-Lead Small Outline Package (M5) 


ON/ 


OFF GND 


VIN 





N/C 


Vout 


DS012506-2 


Top View 


See NS Package Number MFO5A 
For ordering information see Table 7 


Ordering Information 


Output Voltage 
(V) 


TABLE 1. Package Marking and Order Information 


5-Lead Small Outline Package (M5) 


LP2981AIM5X-2.5 LOCA 
LP2981AiM5-2.5 LOCA 
LP2981IM5X-2.5 LOCB 


2.5 
2.5 
2.5 
2.5 
2.7 
2.7 
2a 
ae 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
3.0 
3.0 
3.0 
3.0 
3.1 
3.1 
3.1 
3.1 
3.2 
3.2 
3.2 
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STD 
A 
A 

STD 

STD 
A 
A 

STD 

STD 
A 
A 

STD 

STD 
A 
A 

STD 

STD 
A 
A 

STD 

STD 
A 
A 

STD 


micro SMD, 5 Bump Package (BPA05) 


ON/OFF 


VIN 





1 
GND 


2 
N/C Vout 
DS012506-50 


Note: The actual physical placement of the package marking will vary from 
part to part. The package marking ”X” will designate the date code and will 
vary considerably. Package marking does not correlate to device type in 
any way. 


Order Information 


17-82 


Top View 
See NS Package Number BPA05 


Package 
Marking 


LOCB 
LODA 
LODA 
LODB 
LODB 
L77A 

“L77A 
L77B 
L77B 
LOVA 
LOVA 
LOVB 
LOVB 
LO5A 
LO5A 
LO5B 
LO5B 
L38A 
L38A 
L38B 
L38B 
L35A 
L35A 
L35B 


Supplied as: 


3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 


Ordering Information (continued) 
TABLE 1. Package Marking and Order Information (Continued) 


Output Voltage 
(V) 


5-Lead Small Outline Package (M5) 


3.2 
3.3 
3.3 
3.3 
3.3 
3.6 
3.6 
3.6 
3.6 
3.8 
3.8 
3.8 
3.8 
4.0 
4.0 
4.0 
4.0 
4.7 
4.7 
4.7 
4.7 
5.0 
5.0 
5.0 
5.0 


TD 


> 


>) 


STD 
STD 


i 


STD 
STD 


i 


> 


STD 
TD 


D 
TD 


mM 


n 


n ” 


TD 
STD 


> 


i 


STD 
STD 


Order Information 


LP2981IM5-3.2 
LP2981 AIM5X-3.3 
LP2981AIM5-3.3 
LP2981IM5X-3.3 
LP29811IM5-3.3 
LP2981AIM5X-3.6 
LP2981AIM5-3.6 
LP2981IM5X-3.6 
LP29811IM5-3.6 
LP2981AIM5X-3.8 
LP2981AIM5-3.8 
LP2981IM5X-3.8 
LP2981IM5-3.8 
LP2981AIM5X-4.0 
LP2981AIM5-4.0 
LP2981IM5X-4.0 
LP2981IM5-4.0 
LP2981AIM5X-4.7 
LP2981AIM5-4.7 
LP2981IM5X-4.7 
LP2981IM5-4.7 
LP2981AIM5X-5.0 
LP2981AIM5-5.0 
LP2981IM5X-5.0 
LP2981IM5-5.0 


micro SMD, 5 Bump Package (BPA05) 


2.5 
2.5 
2.5 
20 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 


> 


” 


TD 
TD 


~” 


op} 


TD 
STD 


i 


STD 
STD 


LP2981AIBP-2.5 
LP2981AIBPX-2.5 
LP2981IBP-2.5 
LP2981IBPX-2.5 
LP2981AIBP-3.2 
LP2981 AIBPX-3.2 
LP2981IBP-3.2 
LP2981IBPX-3.2 
LP2981AIBP-3.3 
LP2981 AIBPX-3.3 
LP2981IBP-3.3 
LP2981IBPX-3.3 
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Package 
Marking 


L35B 
LO4A 
LO4A 
LO4B 





LOJA 
LOJB 
LOJB 
L36A 
L36A 
L36B 
L36B 
LOZA 
LOZA 
LOZB 
LOZB 
LOGA 
LOGA 
LOGB 
LOGB 
LO3SA 
LO3A 
LO3B 
LO3B 





Supplied as: 


1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 


1000 Units on Tape and Reel 


250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
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LP2982 





LP2982 


AY vationat Semiconductor 


Micropower 50 mA Ultra Low-Dropout Regulator in 
SOT-23 and micro SMD Packages 


Features 


General Description 


The LP2982 is a 50 mA, fixed-output voltage regulator de- 
signed to provide ultra low dropout and lower noise in battery 
powered applications. 


Using an optimized VIP™ (Vertically Integrated PNP) pro- 
cess, the LP2982 delivers unequaled performance in all 
specifications critical to battery-powered designs: 

Dropout Voltage: Typically 120 mV @ 50 mA load, and 7 mV 
@ 1 mA load. 

Ground Pin Current: Typically 375 pA @ 50 mA load, and 
80 LA @ 1 mA load. 

Sleep Mode: Less than 1 yA quiescent current when on/off 
pin is pulled low. 

Smallest Possible Size: SOT-23 and micro SMD packages 
use absolute minimum board space. 

Precision Output: 1.0% tolerance output voltages available 
(A grade). 

Low Noise: By adding an external bypass capacitor, output 
noise can be reduced to 30 pV (typical). 

Ten output voltage versions, from 2.5V to 5.0V, are available 
as standard products. , 


Block Diagram 


Ultra low dropout voltage 

Guaranteed 50 mA output current 

Typical dropout voltage 180 mV @ 80 mA 
Smallest possible size (SOT-23, micro SMD package) 
Requires minimum external components 

< 1 yA quiescent current when shutdown 
Low ground pin.current at all loads 

Output voltage accuracy 1.0% (A Grade) 
High peak current capability (150 mA typical) 
Wide supply voltage range (16V max) 

Low Zoyr 0.3Q typical (10 Hz to 1 MHz) 
Overtemperature/overcurrent protection 
-—40°C to +125°C junction temperature range 
Custom voltages available 


Applications 


Cellular Phone 

Palmtop/Laptop Computer 

Personal Digital Assistant (PDA) 
Camcorder, Personal Stereo, Camera 
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DS012679-1 


Connection Diagram 


5-Lead Small Outline Package (M5) micro SMD, 5 Bump Package (BPA05) 
ON/ ON/OFF Vin 
OFF GND Vin 





BYPASS Viur 
DS012679-3 


Top View 
See NS Package Number MF0O5A 


For ordering information see Table 1 GND BYP Your 
DS012679-57 





Note: The actual physical placement of the package marking will vary from 
part to part. The package marking ”X” will designate the date code and will 
vary considerably. Package marking does not correlate to device type in 
any way. 


Top View 
See NS Package Number BPA05 


Basic Application Circuit 


"ON/OFFO 


ie pF 






BYPASS DO Your 


OVER CURRENT/ 
OVER TEMP 
PROTECTION 






* * 
2.2 uF (5V PARTS) 
"4.7 uF (3V/3.3V PARTS) 





***O 01 uF 


DS012679-2 


*ON/OFF input must be actively terminated. Tie to Vix if this function is not to be used. 


**Minimum capacitance is shown to insure stability over full load current range. More capacitance provides superior dynamic performance (see Application 
Hints). 


***See Application Hints. 
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LP2982. 


Ordering Information 


TABLE 1. Package Marking and Ordering Information 





LOBA 3000 Units on Tape and Reel 
LOBA 1000 Units on Tape and Reel 
LOBB 3000 Units on Tape and Reel 
LOBB 1000 Units on Tape and Reel 
L76A 3000 Units on Tape and Reel 
L76A 1000 Units on Tape and Reel 
L76B 3000 Units on Tape and Reel 
L76B 1000 Units on Tape and Reel 
L29A 3000 Units on Tape and Reel 
L29A 1000 Units on Tape and Reel 
L29B 3000 Units on Tape and Reel 
L29B 1000 Units on Tape and Reel 
LA8A 3000 Units on Tape and Reel 
LA8A 1000 Units on Tape and Reel 
LA8B 3000 Units on Tape and Reel 
LA8B 1000 Units on Tape and Reel 
LOHA 3000 Units on Tape and Reel 


LP2982AIM5-4.7 LOHA 1000 Units on Tape and Reel 


LP2982IM5X-4.7 LOHB 3000 Units on Tape and Reel 


Output Voltage | Package | 
(V) Order Information Marking . _ Supplied as: 
5-Lead Small Outline eee (M5) . 

35 [aA oP eameans2's [Ls | 000 Units on Tape an Res 
25 [ero | treseensx25 [598 Tatoo nt on ape an et 
2.6 LP2982AIM5X-2.6 3000 Units on Tape and Reel 
a Sa eT ee ee ee 
26 | STD | LPaee2iMsx26 | _LBYB | 8000 Units on Tape and Res 
26 | sto | tPeasanis28 [tee seoounts on Tepe and et 
2.8 ee 1000 Units on Tape and Reel 
28 streets [ins 1000 Units on Tape and Ree 
3.0 stress tas 1000 Unison Tape and Flee 
39 [A AS66233 [L194 [1000 Units on Tape an Rs 
33 | STD | LP2062IM5K33___| L198 | 8000 Units on Tape and Reel 
3 | sro tresses [tT in Tap an 

eee ere | LOBA 

ee aa | LOBA 

| STD {tops 

a ae 

scree ol 

ae See 

— 


AfAlA/A;A;A/AlA/AlA Ala; @l@[@lwlo/wlalo 
NSEENDD NDT No] Oly Off O17 C1] Of ©} OO] OQ] CO] WOW] CW! O|/[MD] D/O] MD 


oe 
S10 
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Ordering Information (continuea) 
TABLE 1. Package Marking and Ordering Information (Continued) 


c86¢d 1 


Output Voltage Package 
5-Lead Small Outline Package (M5) 
53 3000 Units on Tape and Ree 
micro SMD, 5 Bump Package (BPA05) 
2.8 250 Units on Tape and Reel 
28 [| Sto | treseaisp28 —*|_———_—_| 250 Units on Tape and Rea 
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National Semiconductor 


LP2985 — 


Micropower 150 mA Low-Noise Ultra Low-Dropout 
Regulator in SOT-23 and micro SMD Packages 
Designed for Use with Very Low ESR Output Capacitors 


General Description | 
The LP2985 is a 150 mA, fixed-output voltage regulator de- 


_ signed to provide ultra low-dropout and low noise in battery 


powered applications. 


Using an optimized VIP™ (Vertically Integrated PNP) pro- 
cess, the LP2985 delivers unequalled performance in all 
specifications critical to battery-powered designs: 


Dropout Voltage: Typically 300 mV @ 150 mA load, and 
7 mV @ 1 mA load. 


Ground Pin Current: Typically 850 uA @ 150 mA load, and 
75 pA @ 1 mA load. 


Enhanced Stability: The LP2985 is stable with output ca- 
pacitor ESR as low as 5 mQ, which allows the use of ceramic 
capacitors on the output. 


Sleep Mode: Less than 1 uA quiescent current when 
ON/OFF pin is pulled low. 


Smallest Possible Size: SOT-23 and micro SMD packages 
use absolute minimum board space. 

Precision Output: 1% tolerance output voltages available 
(A grade). 

Low Noise: By adding a 10 nF bypass capacitor, output 
noise can be reduced to 30 uV (typical). 


Multiple voltage options, from 2.5V to 5.0V, are available as 
standard products. Consult factory for custom voltages. 


Block Diagram 


BYPASS 


Features 


Ultra low dropout voltage © 

Guaranteed 150 mA output current 

Smallest possible size (SOT-23, micro SMD package) 
Requires minimum external components _ 
Stable with low-ESR output capacitor 

<1 yA quiescent current when shut down 
Low ground pin current at all loads 

Output voltage accuracy 1% (A Grade) 

High peak current capability 

Wide supply voltage range (16V max) 

Low Zoyrt: 0.3Q typical (10 Hz to 1 MHz) 
Overtemperature/overcurrent protection 
-—40°C to +125°C junction temperature range 
Custom voltages available 


Applications 
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Cellular Phone 

Palmtop/Laptop Computer 

Personal Digital Assistant (PDA) 
Camcorder, Personal Stereo, Camera 





DS100140-1 


Basic Application Circuit 


S86¢d 1 


“on/OFF O 






BYPASS 


OVER CURRENT/ 
OVER TEMP 
PROTECTION 






***0.01 uF 


DS100140-2 


“ON/OFF input must be actively terminated. Tie to Vix if this function is not to be used. 
**Minimum capacitance is shown to ensure stability (may be increased without limit). Ceramic capacitor required for output (see Application Hints). 
“Reduces output noise (may be omitted if application is not noise critical). Use ceramic or film type with very low leakage current (see Application Hints). 


Connection Diagrams 


5-Lead Small Outline Package (M5) micro SMD, 5 Bump Package (BPA05) 
ON/ ON/OFF Vin 
OFF GND VIN 





BYPASS Vout 
DS100140-3 2 
: GND BYP Vout 
Top View . DS100140-46 

See NS Package Number MFOSA Note: The actual physical placement of the package marking will vary from 
For ordering information see Jable 1 part to part. The package marking ”X” will designate the date code and will 

vary considerably. Package marking does not correlate to device type in 

any way. 
Top View 


See NS Package Number BPA05 
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LP2985 


Ordering Information 


TABLE 1. Package Marking and Ordering Information 


5-Lead Small Outline Package (M5) 

For output voltages < 2.3V, refer to LP2985LV datasheet. | 
2.6 x [ress [tees 3000 Units on Tape and Ree 
36 | sto | tPanssias.28 [tons 000 nis on Tape and Reo 
29 | A | LP2985AIMBX29 | LAA | 8000 Units on Tape and Reel 
29 | A | Lpesesaims29 | LAA | 1000 Units on Tape and Reel 
29 | STD _| LPaoasIM6X29 | __LAXB __| 8000 Units on Tape and Ree 
29 | STO _| tpeeesims20 ‘| ___LAXB___| 1000 Units on Tape and Reel 
30 | __A__| tP208saimex30 | _LOOA | 8000 Units on Tape and Reel 
ee 
34 a 1000 Units on Tape and Ree 
3.3 = LP2985IM5X-3.3 3000 Units on Tape and Reel 
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Ordering Information (continued) 
TABLE 1. Package Marking and Ordering Information (Continued) 


Output Voltage 
(V) 


Order Information 


For output voltages < 2.3V, refer to LP2985LV datasheet. 


3.8 
3.8 
3.8 
3.8 
4.0 
4.0 
4.0 
4.0 
4.5 
4.5 
4.5 
4.5 
4.7 
4.7 
4.7 
4.7 
4.8 
4.8 
4.8 
4.8 
5.0 
5.0 
5.0 
5.0 


STD 


TD 
TD 


” 
> 


2) 


” 


TD 
STD 


i 


STD 
STD 


> 


i 


STD 
STD 


LP2985IM5X-4.0 


LP2985IM5-4.0 
LP2985AIM5X-4.5 
LP2985AIM5-4.5 
LP2985IM5X-4.5 
LP2985IM5-4.5 
LP2985AIM5X-4.7 
LP2985AIM5-4.7 
LP2985IM5X-4.7 
LP2985IM5-4.7 
LP2985AIM5X-4.8 
LP2985AIM5-4.8 
LP2985IM5X-4.8 
LP2985IM5-4.8 
LP2985AIM5X-5.0 
LP2985AIM5-5.0 
LP2985IM5X-5.0 
LP2985IM5-5.0 


micro SMD, 5 Bump Package (BPA05) 


2.4 
2.4 
2.4 
2.4 
2.5 
2.5 
2.5 
2.5 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
3.0 
3.0 
3.0 
3.0 
3.3 


” 


TD 
STD 


i 


> 


STD 
TD 
A 


> 


STD 
TD 


” 
>| > 


TD 
TD 


op] 
> 


A 
TD 
STD 


n” 


LP2985AIBP-2.4 
LP2985AIBPX-2.4 
LP2985IBP-2.4 
LP2985IBPX-2.4 
LP2985AIBP-2.5 
LP2985AIBPX-2.5 
LP2985IBP-2.5 
LP2985IBPX-2.5 
LP2985AIBP-2.8 
LP2985AIBPX-2.8 
LP2985IBP-2.8 
LP2985IBPX-2.8 
LP2985AIBP-2.9 
LP2985AIBPX-2.9 
LP2985IBP-2.9 
LP2985IBPX-2.9 
LP2985AIBP-3.0 
LP2985AIBPX-3.0 
LP2985|IBP-3.0 
LP2985IBPX-3.0 
LP2985AIBP-3.3 
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Package 
Marking 


LOTB 


LOTB 
LA7A 
LA7A 
LA7B 
LA7B 
LAJA 
LAJA 
LAJB 
LAJB 
LAKA 
LAKA 
LAKB 
LAKB 
LOUA 
LOUA 
LOUB 
LOUB 


Supplied as: 


3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Ree! 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 
3000 Units on Tape and Reel 
1000 Units on Tape and Reel 


250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
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LP2985 


Ordering Information (Continued) 
TABLE 1. Package Marking and Ordering Information (Continued) 





Output Voltage 
(V) | 








Order Information 


micro SMD, 5 Bump Package (BPA05) 


3.3 
3.3 
3.3 
3.6 
3.6 
3.6 
3.6 
4.0 
4.0 
4.0 
4.0 
5.0 
5.0 
5.0 
5.0 
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A 
STD 
STD 
A 
A 
STD 
STD 
A 
A 
STD 
STD 
A 
A 
siD 
STD 


LP2985AIBPX-3.3 
LP2985IBPX-3.3 


LP2985IBPX-3.3 
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Package 
Marking 





Supplied as: 


3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 


3000 Units on Tape and Reel 


250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
250 Units on Tape and Reel 
3000 Units on Tape and Reel 
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LP2986 
Micropower, 200 mA Ultra Low-Dropout Fixed or 
Adjustable Voltage Regulator 


General Description Features 


The LP2986 is a 200 mA precision LDO voltage regulator Ultra low dropout voltage 

which offers the designer a higher performance version of Guaranteed 200 mA output current 

the industry standard LP2951. SO-8 and mini-SO8 surface mount packages 
Using an optimized VIP™ (Vertically Integrated PNP) pro- <1 yA quiescent current when shutdown 
cess, the LP2986 delivers superior performance: Low ground pin current at all loads 

Dropout Voltage: Typically 180 mV @ 200 mA load, and 1 0.5% output voltage accuracy (“A” grade) 
mV @ 1 mA load. High peak current capability (400 mA typical) 
Ground Pin Current: Typically 1 mA @ 200 mA load, and Wide supply voltage range (16V max) 

200 pA @ 10 mA load. Overtemperature/overcurrent protection 
Sleep Mode: The LP2986 draws less than 1 yA quiescent -—40°C to +125°C junction temperature range 
current when shutdown pin is pulled low. 

Error Flag: The built-in error flag goes low when the output Applications 

drops approximately 5% below nominal. m Cellular Phone 

Precision Output: The standard product versions available = Palmtop/Laptop Computer 


can be pin-strapped (using the internal resistive divider) to. ij Camcorder, Personal Stereo, Camera 
provide output voltages of 5.0V, 3.3V, or 3.0V with guaran- 

teed accuracy of 0.5%. (“A” grade) and 1% (standard grade) 

at room temperature. 


Block Diagram 


Feedback Input Output 


Dropout 
Detection 
Shutdown (3 ) Comp 





DS012935-1 
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LP2986 


Connection Diagram and Ordering Information 


Surface Mount Packages: 
Mini SO-8 Package Type MM: See NS Package Drawing Number MUA08A 
SO-8 Package Type M: See NS Package Drawing Number M08A 


ae a 
Ground 1 8 Shutdown 
Feedback 2 7 Error 
Tap 3 6 Sense 
Input 4 5 Output 
DS012936-2 
Top View 


For ordering information, refer to Table 1 of this document. 


Basic Application Circuits 


gs calves Using Internal Resistive Divider 


eo Input os Lo Output 


LP2986 
= 330k 
= (3) Tap 
*2.2 uF 
) Error 
Dropout 
Shui 7 Detection 


Comp 
** Shutdown 


+ 






Ground "4.7 pF. 





* Minimum capacitance shown to assure stability, but may be increased without limit. 
Larger output capacitor provides improved dynamic response. 


** Shutdown input must be actively terminated. Tie to Vin if not used. 
DS012935-3 
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Basic Application Circuits (Continued) 


orn Using External Divider 


Bae ly Ses? a aay (5) 
LP2986 
+ 
ea 
Dropout 
SEER 5 Detection 
Comp 


** Shutdown 





* Minimum capacitance shown to assure stability, but may be increased without limit. 
Larger output capacitor provides improved dynamic response. 


** Shutdown input must be actively terminated. Tie to Vin if not used. 


Ordering Information 


TABLE 1. Package Marking and Ordering Information 


Order Information 


Output Voltage Package Marking 


2986AIM3.0 

2986AIM3.0 
29861M3.0 
2986|M3.0 


LP2986AIMX-3.0 
LP2986AIM-3.0 
LP2986IMX-3.0 


LP2986IM-3.0 


[Grade [Package Marking | 
s | A | tPasssaimwx-so [Lata 
5 | A | tP2eaeaIms30 [=A 
s| sto | _traceewmxso | aie —* 
5 [sro | treseomneso fi 
es 
5 [A | LPasesains0 | 2986AINE.0 
5 | sto | _tPasecixs0 | _2006m5.0 
5 | sto tressen's0 | 2500s 
ee [206i 
an [—poecaina0 
cae [2086.0 | 
cee [2086.0 | 
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Output 
330k 
Error 
+ 
Stik “47 uF 
DS012935-4 
Supplied as: 


3500 Units on Tape and Reel 
1000 Units on Tape and Reel 
3500 Units on Tape and Reel 
1000 Units on Tape and Reel 
3500 Units on Tape and Reel 
1000 Units on Tape and Reel 
3500 Units on Tape and Reel 
1000 Units on Tape and Reel 
3500 Units on Tape and Reel 
1000 Units on Tape and Reel 
3500 Units on Tape and Reel 
1000 Units on Tape and Reel 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 


2500 Units on Tape and Reel 


Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
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LP2987/LP2988 


Micropower, 200 mA Ultra Low-Dropout Voltage 
Regulator with Programmable Power-On Reset Delay; 
Low Noise Version Available (LP2988) 


General Description 


The LP2987/8 are fixed-output 200 mA precision LDO volt- 
age regulators with power-ON reset delay which can be 
implemented using a single external capacitor. 

The LP2988 is specifically designed for noise-critical appli- 
cations. A single external capacitor connected to the Bypass 
pin reduces regulator output noise. 

Using an optimized VIP™ (Vertically Integrated PNP) pro- 
cess, these regulators deliver superior performance: 
Dropout Voltage: 180 mV @ 200 mA load, and 1 mV @1 mA 
load (typical). 


Ground Pin Current: 1 mA @ 200 mA load, and 200 pA @ 


10 mA load (typical). 


Sleep Mode: The LP2987/8 draws less than 2 yA quiescent 
current when shutdown pin is held low. 


Error Flag/Reset: The error flag goes low when the output 
drops approximately 5% below nominal. This pin also pro- 
vides a power-ON reset signal if a capacitor is connected to 
the DELAY pin. 


Precision Output: Standard product versions of the LP2987 
and LP2988 are available with output voltages of 5.0V, 3.8V, 
3.3V, 3.2V, 3.0V, or 2.8V, with guaranteed accuracy of 0.5% 
(“A” grade) and 1% (standard grade) at room temperature. 


Block Diagrams 


SENSE N/C 


INPUT OUTPUT 





LP2987 


DS100017-1 


Features 


Ultra low dropout voltage 
Power-ON reset delay requires only one component 
Bypass pin for reduced output noise (LP2988) 
Guaranteed continuous output current 200 mA 
Guaranteed peak output current > 250 mA 
SO-8 and mini SO-8 surface mount packages 
<2 yA quiescent current when shutdown 

Low ground pin current at all loads 

0.5% output voltage accuracy (“A” grade) 
Wide supply voltage range (16V max) 
Overtemperature/overcurrent protection 

-—40°C to +125°C junction temperature range 


Applications 
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Cellular Phone 
Palmtop/Laptop Computer 
Camcorder, Personal Stereo, Camera 


SENSE BYPASS INPUT OUTPUT 


LP2988 


DS100017-2 


Connection Diagram (LP2987) 


Surface Mount Packages: 
Mini SO-8 Package Type MM: See NS Package Drawing Number MUA08A 
SO-8 Package Type M: See NS Package Drawing Number M08A 


886¢d 1/L862d 1 


N/C SHUTDOWN 


DELAY ERROR 
GROUND SENSE 


INPUT OUTPUT 





08100017-3 


Top View 
For ordering information, refer to Table 7 in this document. 


Ordering Information (LP2987) 


TABLE 1. Package Marking and Ordering Information 


Output Voltage | Grade | Order Information Package Marking Supplied as: 
5 LP2987AIMMX-5.0 L44a 3500 Units on Tape and Reel 
5 LP2987AIMM-5.0 L44A 1000 Units on Tape and Reel 
5 LP2987IMMX-5.0 L44B 3500 Units on Tape and Reel 
5 STD LP2987IMM-5.0 L44B 1000 Units on Tape and Reel 
3.8 LP2987AIMMX-3.8 LO6A 3500 Units on Tape and Reel 
3.8 LP2987AIMM-3.8 LO6A 1000 Units on Tape and Reel 
3.8 LP2987IMMX-3.8 L96B 3500 Units on Tape and Reel 
3.8 STD LP2987IMM-3.8 L96B 1000 Units on Tape and Reel 


LP2987AIMMX-3.3 
LP2987AIMM-3.3 
3.3 STD LP2987IMMX-3.3 
LP2987IMM-3.3 
LP2987AIMMX-3.2 
LP2987AIMM-3.2 


L43A 3500 Units on Tape and Reel 
L43A 1000 Units on Tape and Reel 
L43B 3500 Units on Tape and Reel 
L43B 1000 Units on Tape and Reel 
L66A 3500 Units on Tape and Reel 
L66A 1000 Units on Tape and Reel 


oO 
ie) 
> 


io) 
w 
” 
af 
0 


@ 
ie) 





3.2 STD LP2987IMMX-3.2 L66B 3500 Units on Tape and Reel 
3.2 LP2987IMM-3.2 L66B 1000 Units on Tape and Reel 
3.0 LP2987AIMMX-3.0 L42A 3500 Units on Tape and Reel 
3.0 LP2987AIMM-3.0 L42A 1000 Units on Tape and Reel 
3.0 LP2987IMMX-3.0 L42B 3500 Units on Tape and Reel 
3.0 LP2987IMM-3.0 L42B 1000 Units on Tape and Reel 
2.8 LP2987AIMMX-2.8 L89A 3500 Units on Tape and Reel 
2.8 LP2987AIMM-2.8 L89A 1000 Units on Tape and Reel 
2.8 LP2987IMMX-2.8 L89B 3500 Units on Tape and Reel 
2.8 STD LP2987IMM-2.8 L89B 1000 Units on Tape and Reel 


LP2987AIMX-5.0 
LP2987AIM-5.0 
LP2987IMX-5.0 

STD LP2987IM-5.0 

LP2987AIMX-3.8 
LP2987AIM-3.8 
LP2987IMX-3.8 

LP2987IM-3.8 

LP2987AIMX-3.3 

LP2987AIM-3.3 


2987AIM5.0 2500 Units on Tape and Reel 
2987AIM5.0 Shipped in Anti-Static Rails 
29871M5.0 2500 Units on Tape and Reel 
2987IM5.0 Shipped in Anti-Static Rails 
2987AIM3.8 2500 Units on Tape and Reel 
2987AIM3.8 Shipped in Anti-Static Rails 
2987|M3.8 2500 Units on Tape and Reel 
2987IM3.8 Shipped in Anti-Static Rails 
2987AIM3.3 2500 Units on Tape and Reel 
2987AIM3.3 Shipped in Anti-Static Rails 


” 
4 
0 
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Ordering Information (LP2987) (Continued) 
TABLE 1. Package Marking and Ordering Information (Continued) 


[Grade | Order information [Package Marking 


Output Voltage 
3.3 
3.3 
3.2 
3.2 
3.2 
3.2 
3.0 
3.0 
3.0 
3.0 
2.8 
2.8 
2.8 
2.8 
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STD 
STD 
A 
A 
STD 

TD 


S 


LP2987IMX-3.0 


29871M3.0 


LP298AIM-2.8 


298AIM2.8 
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Supplied as: 

2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 


Connection Diagram (LP2988) 


Surface Mount Packages: 
Mini SO-8 Package Type MM: See NS Package Drawing Number MUA08A 
SO-8 Package Type M: See NS Package Drawing Number M08A 


886¢d 1/Z862d 1 


BYPASS SHUTDOWN 


8 
DELAY ‘i ERROR 


LP2988 


GROUND 6 SENSE 
INPUT 5 Pom OUTPUT 





DS100017-16 
Top View 
For ordering information, refer to Table 2 in this document. 


Ordering Information (LP2988) 


TABLE 2. Package Marking and Ordering Information 


Order Information Package Marking ‘Supplied as: 


Output Voltage 





| Grade ion__| Package Marking 
1000 Units on Tape and Ree 
38 3500 Units on Tape and Ree 
38 1000 Units on Tape and Ree 
38 3500 Units on Tape and Reel 
38 1000 Units on Tape and Reel 
33 3500 Units on Tape and Ree 
33 1000 Units on Tape and Ree 
33 3500 Units on Tape and Re 
33 1000 Units on Tape and Ree 
32 3500 Units on Tape and Ree 
2.8 A 1000 Units on Tape and Ree! 
Shipped in Anti-Static Ral 
a8 2500 Units on Tape and Red 
38 Shipped in Anti-Static Ras 
3.8 LP2988IM-3.8 Shipped in Anti-Static Rails 
3.3 LP2988AIMX-3.3 2500 Units on Tape and Reel 
3.3 LP2988AIM-3.3 Shipped in Anti-Static Rails 
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Ordering Information (LP2988) (continued) 
TABLE 2. Package Marking and Ordering Information (Continued) 


| Grade | Order Information Package Marking ~ 
LP2988IMX-3.3 2988IM3.3 _2.5k Units on Tape and Reel 
LP2988IM-3.3 2988IM3.3 


Output Voltage 
3.3 
3.3 
3.2 
3.2 
3.2 
3.2 
3.0 
3.0 
3.0 
3.0 
2.8 
2.8 
2.8 
2.8 
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S) 
S) 


A 
A 
STD 
STD 
A 
A 

TD 
TD 
A 
A 
STD 
STD 


LP2988AIMX-3.2 
LP2988AIM-3.2 


LP2988IMX-3.2 


LP2988IM-3.2 


LP2988AIMX-3.0 


LP2988IM-2.8 


LP2988AIM-3.0 


2988AIM3.2 
2988AIM3.2 
2988IM3.2 
2988IM3.2 
2988AIM3.0 
2988AIM3.0 
29881M3.0 
2988IM3.0 
2988AIM2.8 
2988AIM2.8 
2988IM2.8 
2988IM2.8 
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Supplied as: 


Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
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Micropower/Low Noise, 500 mA Ultra Low-Dropout 


Regulator 


For Use with Ceramic Output Capacitors 


General Description 

The LP2989 is a fixed-output 500 mA precision LDO regula- 
tor designed for use with ceramic output capacitors. 

Output noise can be reduced to 18pV (typical) by connecting 
an external 10 nF capacitor to the bypass pin. 

Using an optimized VIP™ (Vertically Integrated PNP) pro- 
cess, the LP2989 delivers superior performance: 

Dropout Voltage: Typically 310 mV @ 500 mA load, and 1 
mV @ 100 UA load. 

Ground Pin Current: Typically 3 mA @ 500 mA load, and 
110 pA @ 100 UA load. 

Sleep Mode: The LP2989 draws less than 0.8 yA quiescent 
current when shutdown pin is pulled low. 

Error Flag: The built-in error flag goes low when the output 
drops approximately 5% below nominal. 


Precision Output: Guaranteed output voltage accuracy is 
0.75% (“A” grade) and 1.25% (standard grade) at room tem- 
perature. 


Block Diagram 


SENSE 





SHUTDOWN (8) 


GROUND (3) 
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BYPASS INPUT 


Features 


Ultra low dropout voltage 

Guaranteed 500 mA continuous output current 
Very low output noise with external capacitor 
SO-8 surface mount package 

<0.8 yA quiescent current when shutdown 
Low ground pin current at all loads 

0.75% output voltage accuracy (“A” grade) 
High peak current capability (800 mA typical) 
Wide supply voltage range (16V max) 
Overtemperature/overcurrent protection 
-—40°C to +125°C junction temperature range 


Applications 

m™ Notebook/Desktop PC 

= PDA/Palmtop Computer 

m™ Wireless Communication Terminals 
# SMPS Post-Regulator 


OUTPUT 


(Do not make 
connections to 
this pin). 





LP2989 





(7) ERROR 






DS101339-1 
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LP2989 


Connection Diagram 


Surface Mount Packages: 


SO-8 Package Type M: See NS Package Drawing Number M08A 


BYPASS 41 Y 8 = SHUTDOWN 
N/C 42 7 J ERROR 
GROUND —4 3 6 = SENSE 
INPUT —4 4 5 — OUTPUT 
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Ordering Information 


2.5 
2.5 
2.5 
2.5 
3.3 
3.3 
3.3 
3.3 


TABLE 1. Package Marking and Ordering Information for SO-8 (M) Devices 


Output Voltage Order Information Package Marking 


Basic Application Circuit 


"1 uF 
(Ceramic or 
Tantalum) 0.01 uF 
(See App 
Hints) 
s/D 





Supplied as: 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 
2500 Units on Tape and Reel 
Shipped in Anti-Static Rails 


OUTPUT 


*4.7 uF 
(Ceramic only) 


ERROR 
(See App 
Hints) 


DS101339-3 


*Capacitance values shown are minimum required to assure stability, but may be Increased without limit. Larger output capacitor provides improved dynamic re- 


sponse. 


**Shutdown must be actively terminated (see App. Hints). Tie to INPUT (Pin4) if not used. 
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A1686¢éd1 


LP2989LV 

Micropower 500 mA Low Noise Low Dropout Regulator 
for Applications with Output Voltages < 2V 

Designed for Use with Very Low ESR Output Capacitors 


General Description Features 


The LP2989LV is a 500 mA fixed-output voltage regulator ™ Ultra low dropout voltage 

designed to provide high performance and low noise in appli- == Guaranteed 500 mA continuous output current 
cations requiring output voltages < 2V. m= Very low output noise with external capacitor 
Output noise can be reduced to 18yV (typical) by connecting = SO-8 surface mount package 

an external 10 nF capacitor to the bypass pin. m™ <0.8 YA quiescent current when shutdown 
Using an optimized VIP™ (Vertically Integrated PNP) pro- Low ground pin current at all loads 

cess, the LP2989LV delivers superior performance: = 0.75% output voltage accuracy (“A” grade) 
Ground Pin Current: Typically 3 mA @ 500 mA load, and ~~ ™ _High peak current capability (800 mA typical) 
110 pA @ 100 HA load. m Wide supply voltage range (16V max) 

Sleep Mode: The LP2989LV draws less than 0.8 uA quies- ™ Overtemperature/overcurrent protection 

cent current when shutdown pin is pulled low. m -40°C to +125°C junction temperature range 
Error Flag: The built-in error flag goes low when the output 

drops approximately 5% below nominal. Applications 

Precision Output: Guaranteed output voltage accuracy is = Notebook/Desktop PC 

0.75% (“A” grade) and 1.25% (standard grade) atroomtem- _g pp A/Palmtop Computer 


perature. g Wireless Communication Terminals 


= SMPS Post-Regulator 


Block Diagram 


SENSE BYPASS INPUT OUTPUT 






(Do not make 
connections to 


SHUTDOWN (8) this pin). 


(7) ERROR 





GROUND (3) 


DS101357-1 
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LP2989LV 


Connection Diagram 


Surface Mount Packages: 
SO-8 Package Type M: See NS Package Drawing Number M08A 


BYPASS SHUTDOWN 
N/C ERROR 
GROUND SENSE 
INPUT OUTPUT 
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Ordering Information 


TABLE 1. Package Marking and Ordering Information for SO-8 (M) Devices 


Output Voltage | Grade | Order Information | Package Marking Supplied as 


For output voltages > 2V, see LP2989 datasheet. 


Basic Application Circuit 






OUTPUT 
(6) : 
t pF + 
(Ceramic or *10 uF 
Tantalum) 0.01 pF (Ceramic only) 
(See App 
Hints) 
*#5/D (8) 
+ 
= ERROR 
(See App 
Hints) 
(3) 
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*Capacitance values shown are minimum required to assure stability, but may be increased without limit. Larger output capacitor provides improved dynamic re- 
sponse. 
**Shutdown must be actively terminated (see App. Hints). Tie to INPUT (Pin4) if not used. 
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LP3961/LP3964 
800mA Fast Ultra Low Dropout Linear Regulators 


General Description Features 


The LP3961/LP3964 series of fast ultra low-dropout linear Ultra low dropout voltage 
regulators operate from a +2.5V to +7.0V input supply. Wide Low ground pin current 
range of preset output voltage options are available. These Load regulation of 0.02% 


ultra low dropout linear regulators respond very fast to step 15yA quiescent current in shutdown mode 
changes in load which makes them suitable for low voltage Guaranteed output current of 0.8A DC 


microprocessor applications. The LP3961/LP3964 are de- Available in SOT-223,T0-263 and TO-220 packages 
veloped on a CMOS process which allows low quiescent : 5 
current operation independent of output load current. This Output voltage accuracy: 1.57% 
CMOS process also allows the LP3961/LP3964 to operate Error flag indicates output status (LP3961) 
Sense option improves better load regulation (LP3964) 


under extremely low dropout conditions. 
Dropout Voltage: Ultra low dropout voltage; typically 24mV Extremely low output capacitor requirements 
Overtemperature/overcurrent protection 


at 80mA load current and 240mV at 800mA load current. 
Ground Pin Current: Typically 4mA at 800mA load current. -40°C to +125'C junction temperature range 


Shutdown Mode: Typically 15yA quiescent current when 2 2 
the shutdown pin is pulled low. Applications 


Error Flag: Error flag goes low when the output voltage  ™ Microprocessor power supplies . 
drops 10% below nominal value (for LP3961). GTL, GTL+, BTL, and SSTL bus terminators 


SENSE: Sense pin improves regulation at remote loads. Power supplies for DSPs 
(For LP3964) SCSI terminator 


Precision Output Voltage: Multiple output voltage options Post regulators 

are available ranging from 1.2V to 5.0V and adjustable, with High efficiency linear regulators 

a guaranteed accuracy of +1.5% at room temperature, and Battery chargers 

+3.0% over all conditions ( varying line, load, and tempera- Other battery powered applications 
ture). 


Typical Application Circuits 







INPUT © 
3.3V£10% ‘ 
Cy ot 


VHF 2) = 
SD* 


Vin 9 Vout 


Coyr# 2-5V, 800 mA 


10 uF 
O ERROR* ok 


Vout 









LP3961-2.5 
SD ERROR 





DS101129-1 


# Minimum output capacitance is 10 uF to ensure stability over full load current range. More capacitance provides superior dynamic performance and additional 
stability margin. 

*SD and ERROR pins must be pulled high through a 10kQ pull-up resistor. Connect the ERROR pin to ground if this function is not used. See applications sec- 
tion for more information. 
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LP3961/LP3964 


Typical Application Circuits (Continued) 









INPUT © 
3.35V £10% 


Vin 9 Vout 


Coyt# 2.5V, 800 mA 


| 10 uF 


VouT 









LP3964-2.5 | 
SD SENSE 






+ 
Cn 
ligaP —_ 
=|. Spt ¢ 






INPUT © Vin ae , © Voy @800 mA 
3.3V#10% o + ae 
i. LP3964-ADJ OUT 
1 uF 7 = . 68 pF 10 wF 
T SD* SD ADJ TL 

V 

OUT 
R2 = R1|-——-1 

~— — 1.215 


DS101129-2 
# Minimum output capacitance is 10 uF to ensure stability over full load current range. More capacitance provides superior dynamic performance and additional sta- 
bility margin. 
*SD and ERROR pins must be pulled high through a 10k@ pull-up resistor. Connect the ERROR pin to ground if this function is not used. See applications section 
for more information. 


Block Diagram LP3961 








DS101129-3 
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Block Diagram LP3964 


V96Ed T/1L96Ed1 





DS101129-29 


Block Diagram LP3964-ADJ 





DS101129-30 


Connection Diagrams 





SD Vy. Vor ERROR/ 
SENSE/ADJ 
DS101129-4 


Top View 
SOT 223-5 Package 
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LP3961/LP3964 


Connection Diagrams (continued) 


pS ERROR/SENSE/ADJ 
4 Voz 


od GND 


GND 


eae PIEN /e'/7 
aE 5 4-10) 
DS101129-5 
Top View 
TO220-5 Package 
Bent, Staggered Leads 





| 5 ~ERROR/SENSE/ADJ 


GND 
w 
cor) 
Zz 
oS 


DS101129-6 


Top View 
TO263-5 Package 


Pin Description for SOT223-5 Package 














Pin # - 

2 a a input Supply 

3 Output Voltage 

4 ERROR SENSE/ADJ Remote Sense Pin 
or output Adjust Pin 

s | GND—~+| Grand ———S*dSCS*CSCNDSS~=*d?~Croun 

Pin Description for TO220-5 and TO263-5 Packages 

i [5 «dt SShutdown Si] SSCS —=«dC=«SSrutdown 

input Supply 

3 Ground 

4 Output Voliage 
or output Adjust Pin 
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Ordering Information 


Extended 
Low Jemp. Range 
Power 
Root 


ime 


Order Number -LP3961EMP- 2.5 for 1k units on tape and reel 


Package Type Designator 
Voyt = 2.9V 


Extended 
Low Temp. Range 
Power 


Root Package Type Designator 


Vout =2.5V 


: 


Order Number -LP3961EMPX- 2.5 for 2k units on tape and reel 


ig DS101129-31 
Package Type Designator is “MP” for SOT223 package, ”T” for TO220 package, and ”S” for TO263 package. 


TABLE 1. Package Marking and Ordering Information 


Package Package Marking 
Type 
SOT223-5 LBSB 
SOT223-5 
SOT223-5 


Output Order Number 
Voltage 


5.0 LP3961EMP-5.0 


Description 
(Current, Option) 
800mA, Error Flag 


5.0 LP3961EMPX-5.0 800mA, Error Flag LBSB 


3.3 LP3961EMP-3.3 800mA, Error Flag LAZB 


3.3 LP3961EMPX-3.3 800mA, Error Flag LAZB 


SOT223-5 


SOT223-5 


2.5 LP3961EMP-2.5 800mA, Error Flag LBBB 


2.5 LP3961EMPX-2.5 800mA, Error Flag LBBB 


1.8 LPS961EMP-1.8 800mA, Error Flag LBAB 


1.8 LP3961EMPX-1.8 800mA, Error Flag LBAB 


5.0 LPS964EMP-5.0 800mA, SENSE LBUB 


5.0 LPS964EMPX-5.0 800mA, SENSE LBUB 


3.3 LPS964EMP-3.3 800mA, SENSE LBJB 


3.3 LP3964EMPX-3.3 800mA, SENSE LBJB 


2.5 LPS964EMP-2.5 800mA, SENSE LBHB 


2.5 LPS964EMPX-2.5 800mA, SENSE LBHB 


1.8 LPS964EMP-1.8 800mA, SENSE LBFB 


1.8 LP3964EMPX-1.8 800mA, SENSE LBFB 


ADJ LP3964EMP-ADJ 800mA, ADJ LBPB 


Supplied As: 


1000 units on 
Tape and Reel 
2000 units on 
Tape and Reel 
1000 units on 
Tape and Reel 
2000 units on 
Tape and Reel 
1000 units on 
Tape and Reel 
2000 units on 
Tape and Reel 
1000 units on 
Tape and Reel 
2000 units on © 
Tape and Reel 
1000 units on 
Tape and Reel 
2000 units on 
Tape and Reel 
1000 units on 
Tape and Reel 
2000 units on 
Tape and Reel 
1000 units on 
Tape and Reel 
2000 units on 
Tape and Reel 
1000 units on 
Tape and Reel 
2000 units on 
Tape and Reel 
1000 units on 
Tape and Reel 
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LP3961/LP3964 


Ordering Information (Continued) 
TABLE 1. Package Marking and Ordering Information (Continued) 


Output Order Number Description Package Package Marking Supplied As: 
| 7s Tape and Reel 

5.0 Rai 

5.0 Tape and Rea 

33 Rall 

3.3 Tape and Reel 

25 Rail 

25 Tape and Ree 

18 Rall 

18 Tape and Ree! 

5.0 Rail 

5.0 Tape and Reel 

3.3 Rall 

3.3 Tape and Ree! 

25 Tape and Res 

18 Rall 

18 Tape and Res! 

ADJ Rail 

ADJ Tape and Reel 

5.0 Rail 

3.3 Rail 

25 Rai 

18 Rall 

5.0 | LPG964ET-5.0 | 800mA, SENSE __—_—'| To2006 | LPOS4ET-50 _| Ral 

3.3 Rail 

18 Rall 

ADS Rall 
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LP3962/LP3965 
1.5A Fast Ultra Low Dropout Linear Regulators 


General Description Features 


The LP3962/LP3965 series of fast ultra low-dropout linear = Ultra low dropout voltage 

regulators operate from a +2.5V to +7.0V input supply. Wide  ™ Low ground pin current 

range of preset output voltage options are available. These m Load regulation of 0.04% 

ultra low dropout linear regulators respond very fast to step = ™ =45yA quiescent current in shutdown mode 
changes in load which makes them suitable for low voltage = _ Guaranteed output current of 1.54 DC 
microprocessor applications. The LP3962/LP3965 are de- 


veloped on a CMOS process which allows low quiescent - ae seen ane 1O;220 packages 
current operation independent of output load current. This  ™ Output voltage accuracy + 1.5% 

CMOS process also allows the LP3962/LP3965 to operate ™ Error flag indicates output status (LP3962) 

under extremely low dropout conditions. = Sense option improves better load regulation (LP3965) 
Dropout Voltage: Ultra low dropout voltage; typically 38mv _™ Extremely low output capacitor requirements 

at 150mA load current and 380mV at 1.5A load current. = Overtemperature/overcurrent protection 

Ground Pin Current: Typically 5mA at 1.5A load current. m -40°C to +125'C junction temperature range 
Shutdown Mode: Typically 15yA quiescent current when 2 a 

the shutdown pin is pulled low. Applications 

Error Flag: Error flag goes low when the output voltage 9 Microprocessor power supplies 

drops 10% below nominal value (for LP3962). w GTL, GTL+, BTL, and SSTL bus terminators 
SENSE: Sense pin improves regulation at remote loads. ™ Power supplies for DSPs 

(For LP3965) = SCSI terminator 


Precision Output Voltage: Multiple output voltage options ™ Post regulators 

are available ranging from 1.2V to 5.0V and adjustable, with & High efficiency linear regulators 

a guaranteed accuracy of +1.5% at room temperature, and m# Battery chargers 

+3.0% over all conditions ( varying line, load, and tempera- = Other battery powered applications 
ture). 


Typical Application Circuits 





INPUT © VIN 
3.3V 410% + 
Cy 3 


10 pF T _ 
SD* 


VouT 









LP3962-2.5 


SD ERROR 
GND 


DS101266-1 


# Minimum output capacitance is 10 pF to ensure stability over full load current range. More capacitance provides superior dynamic performance and additional 
stability margin. 

*SD and ERROR pins must be pulled high through a 10kQ pull-up resistor. Connect the ERROR pin to ground if this function is not used. See applications sec- 
tion for more information. 
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LP3962/LP3965 


Typical Application Circuits (continued) 









D Vout 
Cor 2-5, 1.54 


oe 


VIN VouT 


LP3965-2.5 
SD SENSE 









a ee O Vin Vout O Vour @1.5A 
: IN ouT* 
T SD* SD ADJ T 
V 
OUT 
R2 = R1| —- 1 
— — 1.215 


DS101266-34 
# Minimum output capacitance is 10 pF to ensure stability over full load current range. More capacitance provides superior dynamic performance and additional sta- 
bility margin. 
*SD and ERROR pins must be pulled high through a 10kQ pull-up resistor. Connect the ERROR pin to ground if this function is not used. See applications section 
for more information. 


Block Diagram LP3962 





DS101266-3 
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Block Diagram LP3965 


S96Ed 1/296Ed1 


SENSE 





DS101266-35 


Connection Diagrams 





SD Vin. Your ERROR/ 
SENSE/ADJ 
DS101266-4 


Top View 
SOT 223-5 Package 
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LP3962/LP3965 


Connection Diagrams (continued) 


Pin # 


&}_ oO] nm] — 


Pe D ~ERROR/SENSE/ ADS 


Rene Fe i, 


GND 


5 GND 


ee a My 


PES 1 


Top View 
TO220-5 Package 


DS101266-5 


Bent, Staggered Leads 





GND 
w 
° 
z 
o 


Top View 
TO263-5 Package 


Pin Description for SOT223-5 Package 


LP3962 
ee 


Input Supply 


Output Vottage 








fT 5 ERROR/SENSE/ADJ 


DS101266-6 


LP3965 

| Name Function 

| SD |__Shutdown 

| Vw |__Input Supply 

Output Voltage 

SENSE/ADJ Remote Sense Pin 
or Output Adjust Pin 
GND Ground 


Pin Description for TO220-5 and TO263-5 Packages 


Pin # 


O17 Ri OsM] — 
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[—Wame = ~Funetion 
a 
ERROR ERROR Flag 
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LP3965 
a a 
35 so 
Input Supply 
sro 
Output Voltage 
Remote Sense Pin 

or Output Adjust Pin 


Ordering Information 


Extended 
Low Temp. Range 


Power . 
) Root Package Type Designator 


Vera 20y 


Order Number -LP3962EMP- 2.5 for 1k units on tape and reel 


Extended 
Low Temp. Range 


Power ae 
Root -» Package Type Designator 


i. 


Order Number - LP3962EMPX- 2.5 for 2k units on tape and reel 


DS101266-31 


Package Type Designator is “MP” for SOT223 package, “T” for T0220 package, and ”S” for TO263 package. 


Output 
Voltage 
5.0 
5.0 
3.3 
3.3 


2.5 


2.5 


5.0 
5.0 
3.3 
3.3 
2.5 
2.5 
1.8 
1.8 


ADJ 


TABLE 1. Package Marking and Ordering Information 
Order Number Package 
(Current, Option) Type Marking 
LP3962EMP-5.0 LBTB 
LP3962EMPX-5.0 LBTB 
LP3962EMP-3.3 LBEB 
LP3962EMPX-3.3 LBEB 
LP3962EMP-2.5 LBDB 
LP3962EMPX-2.5 LBDB 
LP3962EMP-1.8 LBCB 
LP3962EMPX-1.8 LBCB 
LP3965EMP-5.0 LBVB 
LP3965EMPX-5.0 LBVB 
LP3965EMP-3.3 SOT223-5 LBNB 


LP3965EMPX-2.5 1.5A, SENSE SOT223-5 LBLB 
LPS965EMP-1.8 1.5A, SENSE SOT223-5 LBKB 
LPS965EMPX-1.8 1.5A, SENSE SOT223-5 LBKB 


LP3965EMP-ADJ 1.5A, ADJ SOT223-5 LBRB 


17-115 


Supplied As: 


1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
2000 units on Tape 
and Reel 
1000 units on Tape 
and Reel 
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LP3962/LP3965 


Ordering Information (continued) 
TABLE 1. Package Marking and Ordering Information (Continued) 


Output 
Voltage 
ADJ 


5.0 
5.0 
3.3 
3.3 
2.5 
2.5 
1.8 
1.8 
5.0. 
5.0 
3.3 
3.3 
2.5 
2.5 
1.8 
1.8 
ADJ 
ADJ 
5.0 
3.3 
2.5 
1.8 
5.0 
3.3 
2.5 
1.8 
ADJ 


Order Number 


LP3965EMPX-ADJ 


LP3962ES-5.0 
LP3962ESX-5.0 
LP3962ES-3.3 
LP3962ESX-3.3 
LP3962ES-2.5 
LP3962ESX-2.5 
LP3962ES-1.8 
LP3962ESX-1.8 
LP3965ES-5.0 
LP3965ESX-5.0 
LP3965ES-3.3 
LP3965ESX-3.3 
LP3965ES-2.5 
LP3965ESX-2.5 
LP3965ES-1.8 
LP3965ESX-1.8 
LP3965ES-ADJ 


LP3965ESX-ADJ 


LP3962ET-5.0 
LP3962ET-3.3 
LPS962ET-2.5 
LP3962ET-1.8 
LP3965ET-5.0 


Description Package 
(Current, Option) Type 
1.5A, ADJ SOT223-5 


| 1.5A, Error Flag TO220-5 


LP3965ET-3.3 1.5A, SENSE TO220-5 


LP3965ET-2.5 
LP3965ET-1.8 
LPS965ET-ADJ 
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1.5A, ADJ 


1.5A, SENSE TOQ220-5 
1.5A, SENSE TO220-5 


TO220-5 
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Package 
Marking 
LBRB 


LP3962ES-5.0 
LP3962ESX-5.0 
LP3962ES-3.3 
LP3962ES-3.3 
LP3962ES-2.5 
LP3962ES-2.5 
LP3962ES-1.8 
LP3962ES-1.8 
LP3965ES-5.0 
LP3965ES-5.0 
LP3965ES-3.3 
LP3965ES-3.3 
LP3965ES-2.5 
LP3965ES-2.5 
LP3965ES-1.8 
LP3965ES-1.8 
LP3965ES-ADJ 


LP3965ES-ADJ | 


LP3962ET-5.0 


1.5A, Error Flag TO220-5 LP3962ET-3.3 
1.5A, Error Flag TO220-5 
1.5A, Error Flag TO220-5 


1.5A, SENSE TO220-5 


LPS962ET-2.5 
LP3962ET-1.8 
LPS965ET-5.0 
LP3965ET-3.3 
LPS965ET-2.5 
LPS965ET-1.8 
LP3965ET-ADJ 


Supplied As: 


2000 units on Tape 


and Reel 

Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Tape and Reel 
Rail 

Rail 

Rail 

Rail 

Rail 

Rail 

Rail 

Rail 

Rail 
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LP3963/LP3966 
3A Fast Ultra Low Dropout Linear Regulators 


General Description Features 


The LP3963/LP3966 series of fast ultra low-dropout linear ™ Ultra low dropout voltage 
regulators operate from a +2.5V to +7.0V input supply. Wide  ™ Low ground pin current 
range of preset output voltage options are available. These Load regulation of 0.06% 
ultra low dropout linear regulators respond very fast to step 15yA quiescent current in shutdown mode 
changes in load which makes them suitable for low voltage Guaranteed output current of 3A DC 
microprocessor applications. The LP3963/LP3966 are de- Available in TO-263 and TO-220 packages 
veloped on a CMOS process which allows low quiescent ‘ 
current operation independent of output load current.This Output voltage accuracy + 1.5% 
CMOS process also allows the LP3963/LP3966 to operate Error flag indicates output status (LP3963) 
Sense option improves better load regulation (LP3966) 


under extremely low dropout conditions. 
Dropout Voltage: Ultra low dropout voltage; typically 80mV Extremely low output capacitor requirements 
Overtemperature/overcurrent protection 


at 300mA load current and 800mvV at 3A load current. 
Ground Pin Current: Typically 6mA at 3A load current. -40°C to +125'C junction temperature range 
Shutdown Mode: Typically 15yA quiescent current when 


the shutdown pin is pulled low. Applications 


Error Flag: Error flag goes low when the output voltage  ™ Microprocessor power supplies 
drops 10% below nominal value (for LP3963). GTL, GTL+, BTL, and SSTL bus terminators 


SENSE: Sense pin improves regulation at remote loads. Power supplies for DSPs 
(For LP3966) SCSI terminator 


Precision Output Voltage: Multiple output voltage options Post regulators 

are available ranging from 1.2V to 5.0V and adjustable, with High efficiency linear regulators 

a guaranteed accuracy of +1.5% at room temperature, and Battery chargers 

+3.0% over all conditions ( varying line, load, and tempera- Other battery powered applications 
ture). 


Typical Application Circuits 







INPUT © 
3,3V 410% i 
Cn 


10 pF “] a 
SD* 


Vin Vout 





D Vout 
Car# 1.8V, 3.0A 
LP3963-1.8 oO 


<e Pea Sa | 10 pF 
SD ERROR O ERROR* 


DS101267-1 


# Minimum output capacitance is 10 F to ensure stability over full load current range. More capacitance provides superior dynamic performance and additional 
Stability margin. 

*SD and ERROR pins must be pulled high through a 10kQ pull-up resistor. Connect the ERROR pin to ground if this function is not used. See applications sec- 
tion for more information. 
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LP3963/LP3966 


Typical Application Circuits (Continued) 






1 Vin D Vout 


Coyp# 1-8V, 3A 


| 10 pF 


VOUT 









LP3966-1.8 
SD SENSE 






INPUT © 
3.3V 410% 
Cin 


+ a 
10 uF T = 
SD* 


VIN VouT 







_ LP3966-ADJ 
SD ADJ 





— — ~ "4.215 


DS101267-34 
# Minimum output capacitance is 10 pF to ensure stability over full load current range. More capacitance provides superior dynamic performance and additional sta- 
bility margin. 
*SD and ERROR pins must be pulled high through a 10kQ pull-up resistor. Connect the ERROR pin to ground if this function is not used. See applications section 
for more information. 


Block Diagram LP3963 








DS101267-3 
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Block Diagram LP3966 





DS101267-35 


Connection Diagrams 


Pp] 5 ERROR /SENSE/ ADJ 
A Vii 


| eeeemenmyemeneet © OND 


GND 


ieee ae 
eer ee eg Sp 
DS101267-5 
Top View 
TO220-5 Package 
Bent, Staggered Leads 
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LP3963/LP3966 


Connection Diagrams (continued) 





| [__] 5 ERROR/SENSE/ADJ 


GND 
w 
o 
z 
i] 


DS101267-6 


Top View 
TO263-5 Package 


Pin Description for TO220-5 and TO263-5 Packages 


Pin # 


Or; RGM; 


Shutdown 


ERROR vee SENSE/ADJ 








Ordering Information 


Extended 
Low Temp. Range 


Power 


Root Package Type Designator 


Vout =2.5V 


Order Number — LP3963ES - 2.5 for units on rail 


Extended 
Low Temp. Range . 


Power 


Root Package Type Designator 


Vout = 2-5¥ 


Order Number - LP3963ESX - 2.5 for units on tape and reel 


DS$101267-31 


Package Type Designator is “T” for TO220 package, and ”S” for TO263 package. 
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Function 
Shutdown 
Input Supply 
Ground 
Output Voltage 


Remote Sense 
Pin/Output Adjust 
Pin 


Ordering Information (Continue) 


Output 
Voltage 
5.0 
5.0 
3.3 
3.3 
2.5 
2.5 
1.8 
1.8 
5.0 
5.0 
3.3 
3.3 
2.5 
25 
1.8 
1.8 
ADJ 
ADJ 
5.0 
3.3 
2.5 
1.8 
5.0 
3.3 
2.5 
1.8 
ADJ 


Order Number 


LP3963ES-5.0 
LP3963ESX-5.0 
LP3963ES-3.3 
LP3963ESX-3.3 
LP3963ES-2.5 
LP3963ESX-2.5 
LP3963ES-1.8 
LP3963ESX-1.8 
LP3966ES-5.0 
LP3966ESX-5.0 
LP3966ES-3.3 
LP3966ESX-3.3 
LP3966ES-2.5 
LPS966ESX-2.5 
LP3966ES-1.8 
LP3966ESX-1.8 
LP3966ES-ADJ 


LP3966ESX-ADJ 


LP3963ET-5.0 
LP3963ET-3.3 
LP3963ET-2.5 
LP3963ET-1.8 
LP3966ET-5.0 
LP3966ET-3.3 
LP3966ET-2.5 
LP3966ET-1.8 
LP3966ET-ADJ 


TABLE 1. Package Marking and Ordering Information 


Description Package 


3A, Error Flag TO263-5 
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Package Marking 


LP3963ES-5.0 
LP3963ESX-5.0 
LP3963ES-3.3 
LP3963ES-3.3 
LPS963ES-2.5 
LP3963ES-2.5 
LP3963ES-1.8 
LP3963ES-1.8 
LP3966ES-5.0 
LP3966ESX-5.0 
LP3966ES-3.3 
LP3966ES-3.3 
LP3966ES-2.5 
LP3966ES-2.5 
LP3966ES-1.8 
LP3966ES-1.8 
LP3966ES-ADJ 
LP3966ES-ADJ 
LP3963ET-5.0 
LP3963ET-3.3 
LP3963ET-2.5 
LP3963ET-1.8 
LP3966ET-5.0 
|LP3966ET-3.3 
LPS966ET-2.5 
LPS966ET-1.8 
LP3966ET-ADJ 


Supplied As: 


Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Tape and Reel 
Rail 
Rail 
Rail 
Rail 
Rail 
Rail 
Rail 
Rail 
Rail 
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Section 18 
Voltage Regulators - Switching 
and SIMPLE SWITCHER® 
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Section 18 Contents 


Switching Regulators Selection Guide ........... 0.00. 
Switching Regulators Definition Of Terms... ........ 0.00 ccc ee eee eee ees 


LM1575/LM2575/LM2575HV Series SIMPLE SWITCHER® 1A Step-Down Voltage 
REGUIAIOl oi ti we na eae coeds Genk okt eee Ode ed oo ed ee a eee 


LM1577/LM2577 SIMPLE SWITCHER® Step-Up Voltage Regulator .................. 
LM2524D/LM3524D Regulating Pulse Width Modulator................ eee ee eee ee 
LM2574/LM2574HV SIMPLE SWITCHER® 0.5A Step-Down Voltage Regulator.......... 
LM2576/LM2576HV Series SIMPLE SWITCHER® 3A Step-Down Voltage Regulator ..... 
LM2578A/LM3578A Switching Regulator ........... 00.0 cee eens 
LM2585 SIMPLE SWITCHER® 3A Flyback Regulator..............000ee eee eee Vache 
LM2586 SIMPLE SWITCHER® 3A Flyback Regulator with Shutdown ................. 
LM2587 SIMPLE SWITCHER® 5A Flyback Regulator...............00020 eee eee 
LM2588 SIMPLE SWITCHER® 5A Flyback Regulator with Shutdown ................. 


LM2594/LM2594HV SIMPLE SWITCHER® Power Converter 150 kHz 0.5A Step-Down 
WOlaAge: ROQUIAION 26 tiene 8 eee eat ey dace hgh ee ang deena ned Sie ot ele aa 


LM2595 SIMPLE SWITCHER® Power Converter 150 kHz 1A Step-Down Voltage 
PE QUIALON ie 25 2 oe hae wierd Sse na. Mae ee a me Pee alas ey RE eS REE Se 


LM2596 SIMPLE SWITCHER® Power Converter 150 kHz 3A Step-Down Voltage 
FACOUIGION sa: reais erin ue 1d Gia SBA hahaa sow acetate aoe Ga MEME baa eee eeaad 


LM2597/LM2597HV SIMPLE SWITCHER® Power Converter 150 kHz 0.5A Step-Down 
Voltage Regulator, with Features. .... 0... 0... cc eens 


LM2598 SIMPLE SWITCHER® Power Converter 150 kHz 1A Step-Down Voltage 
Meguiator, WIN FCAtWCS ule. od caw bie Shard A ldaae ede OG bedded sue ets 


LM2599 SIMPLE SWITCHER® Power Converter 150 kHz 3A Step-Down Voltage 
PEGUIAIOR. WITh FOAtUICS 25: vat cco oe oe pape atk. alee da Sie dee ae ae ee ee ee 


LM2621 Low Input Voltage, Step-Up DC-DC Converter..............0 002 eee 
LM2636 5-Bit Programmable Synchronous Buck Regulator Controller................. 


LM2637 Motherboard Power Supply Solution with a 5-Bit Programmable Switching 
Controller and Two Linear Regulator Controllers .... 0.0.0... ccc eee eee 


LM2638 Motherboard Power Supply Solution with a 5-Bit Programmable Switching 
Controller and Two Linear Regulator Controllers .......... 00. cece eee eens 


LM2639 5-Bit Programmable, High Frequency Multi-phase PWM Controller ............ 
LM2640 Dual Adjustable Step-Down Switching Power Supply Controller............... 
LM2641 Dual Adjustable Step-Down Switching Power Supply Controller............... 
LM2650 Synchronous Step-Down DC/DC Converter......... 0.00. ee 
LM2651 1.5A High Efficiency Synchronous Switching Regulator...............2000ee- 
LM2653 1.5A High Efficiency Synchronous Switching Regulator...................00- 
LM2655 2.5A High Efficiency Synchronous Switching Regulator...................... 
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LM2670 SIMPLE SWITCHER® High Efficiency 3A Step-Down Voltage Regulator 


MITE DVING: setae, oct ash rancher Ae a orice ais tk pain aia ae ee eee ee ae aoe aoe de 18-59 
LM2671 SIMPLE SWITCHER® Power Converter High Efficiency 500mA Step-Down 

Voltage Regulator with Features... 0.0.0.0... ee eee ees 18-61 
LM2672 SIMPLE SWITCHER® Power Converter High Efficiency 1A Step-Down Voltage 

Reguiator with Features :..i...6iiGaks Pa deh aa ew heat a weeds HG ew dead oa 18-62 
LM2673 SIMPLE SWITCHER® 3A Step-Down Voltage Regulator with Adjustable 

Curent LIM), ore teadte wee € xen eh Be hicetaa tis tiple ee pace aha eR heck ad deeaieeaiaeeta ts aoe eee ae 18-63 
LM2674 SIMPLE SWITCHER® Power Converter High Efficiency 500 mA Step-Down 

VONAQS CGUIAION 1 6:60e cess eer eed wie eke ied ee eee doen one eae Aree 18-65 
LM2675 SIMPLE SWITCHER® Power Converter High Efficiency 1A Step-Down Voltage 

PCO QION savas hh cria en ene au hot Saeed aetna oe Beet slehaseactrink du eee ate totter a ane eee 18-66 
LM2676 SIMPLE SWITCHER® High Efficiency 3A Step-Down Voltage Regulator ....... 18-67 
LM2677 SIMPLE SWITCHER® High Efficiency 5A Step-Down Voltage Regulator with 

SYNC: apr ete ter usaes ose enn tas oes Gees Ae oe ew he iach ies 18-69 
LM2678 SIMPLE SWITCHER® High Efficiency 5A Step-Down Voltage Regulator ....... 18-71 
LM2679 SIMPLE SWITCHER® 5A Step-Down Voltage Regulator with Adjustable 

POT UTMNE es a5 Se st ahs ace dese Ae Sey te etd tS hn adres ec decal ee ck cd heats ae Bad 18-73 
LM2825 Integrated Power Supply 1A DC-DC Converter ................000 ccc eee 18-75 
LM3478 High Efficiency Low-Side N-Channel Controller for Switching Regulator......... 18-76 
LM3488 High Efficiency Low-Side N-Channel Controller for Switching Regulators........ 18-78 
LM2720 5-Bit Programmable, High Frequency Multi-phase PWM Controller ............ 18-80 





18-3 www.national.com 


Switching Regulators Selection Guide 


AY vationat Semiconductor 


Switching Regulators Selection Guide 
SWITCHING REGULATORS FOR COMPUTING VOLTAGE CONVERSION 


Input 
witching Regulator 
Voltage 

















































Number Of eer 
Part Regulator Switching ae 
Number Regulated Output Output Adj. Initial 5-Bit Fisgusnoy Applications 
Voltages (Note 1) Range (V), Accuracy DAC 
Output Current | (Note 2) 


Notebook and Battery Voltage Conversion 
controller Vstanpsy OV 
controller VstanpBy 5V 
| Vet: V aap 
LM2651 1 1.5 to 3.3V, 1.5A 3.8% 4 90-300 | Main V3.3, V5; 
eee em Weave 


LM2653 1.5 to 3.3V, 1.5A 4 | 12 CPU Vio3Vi2; 
Video Chip 
Supply 
LM2655 1 1.5 to 3.3V, 1.5A 3.5% 4 | 14 CPU Vio3Vi2; | 
Video Chip 
Supply 
LM2621 1 1.2 to 14V, 1A 3% 400-2000 | PC Card Supply, 
(Note 3) TFT/LCD Bias 
Supply 
Desktop Voltage Conversion 
LM2636 1 1.3 to 3.5V, 1.5% al 50-1000 |CPU Vcore, Vio; 
ee ee ie el ad ba Ded 
LM2637 1.5V, 2.5V | 1.3 to 3.5V, 1.5% vw {4.75 50-1000 |CPU Voore: Vio} 
controller Veatii Voix Vaap 
LM2638 1.5V, 2.5V 11.3 to 3.5V, 1.5% Mw |4.75 50-1000 |CPU Vcore; Vio} 
controller Vetti Verki 
Vaap; VstanpBy 
2.5V, 3.3V 
LM2639 1 1.3 to 3.5V, 1.5% Mw |4.75 40-10,000 |CPU Veore; Vio; | 
Controller Vatii Vaap 
LM2720 1. 1.3 to 3.5V, 1.5% Mw 14.75 


Note 1: For LM2637 and LM2638, output voltages of linear controllers default to the fixed values shown but are also adjustable. 
Note 2: Accuracy of switching controller over temperature. 


Note 3: LM2621 is a boost converter with a 2.85A (typ) switch. Maximum load current is up to 1A in most applications, but it is limited at lower input voltages. 
Consult datasheet for further information. 














40-10,000 | CPU Vcore, Vio} 
Vert: Vaar 
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HIGH-PERFORMANCE & GENERAL-PURPOSE SWITCHING REGULATORS 
(includes SIMPLE SWITCHER® power converters) 















Operating 
Temperature 
(Note 5) 







Input Voltage 







Conversion 
Efficiency 


Switching 
Frequency 


Package 
(Note 6) 





Part Number | Output Voltage (Note 4) 







BUCK CONVERTERS 
500 mA Output Current 


_LM2594/ HV | 3.3V, 5V, 12V, Adj 150 88% M,N 
LM2597/HV__ | 3.3V, 5V, 12V, Adj -— 2 —- M,N 
LM2574/ HV uN 

| 1.0 A Output Current 
M2672 tee -erdecarn aor eae eae MN 
LM2675 Psa sv. iav.ag [ev [sora [0 fo MN 
LMIS75HV sev A a7v_fven[ [a | a K 





[M2575 HV | 3.V, BV, 12v.tev, Ad | 4.76v |4oveov | ind | M,N, S, T 
| 1.5 A Output Current 






2.5 A Output Sono 


3.0 A Output Current 

im2s76 | 33V,5V,1ev,Aj | av | 4ov | ind | 260 «(| ~—o% «SST 
M2596 | S3V, SV, 12V, Ad, | a7ev | aov | ind | 160 | 90% ~+| ST 
imas99 | 8.3V,5V, 12V, Ad | 475V.| 40V | ind | __150 8,7 
LM2576/HV_| 33V, SV, 12V.15v, Ad | 6V_|aovieov | ind ‘| _—_—8 8.7 


| 5.0 A Output Current 
LM2677 3.3V, 5V, 12V, ad 92% 


av Tv 


BOOST/FLYBACK CONVERTERS 

2.85 A Switch Current 

uw2eat_[ Adi(tatotay)—*i[ oes | 22 | nd | 400-2000] 87% ~~ 
3.0 A Switch Current 

iwases | 3av.evitav.Ad | av | 40v | ind | 100 ~~” ~—* 
w2586 | 33V, SV, ev, Adj | 4V_| 4ov | ina | 100-200 | 90% | 
Lmis77 | 1av, tev, Adj «| _sev | 4ov | ing | ss SiS HC 
uwas77__| tv, tev, Aj ——*| sev | aov | ind | 52 + 80% ~—*S 
5.0 A Switch Current 

iw2ses | 33V, SV, 1av,Ad | 4V_| 4ov_| ind | 100-200 | 00% 




























—<— 
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Switching Regulators Selection Guide 


PWM CONTROLLERS & MULTI-PURPOSE SWITCHING REGULATORS 


: Input Voltage Output Adj. Switchin Package 
LM2578A Nos 
LM3578A | 2V to 40V Open Transistor (0.75A) Mos, Nos 
LM2630 4.5V to 30V FET drive — MTC20 

| 200t0400__ | 


LM2631 4.5V to 30V 1.5 to 6V 200 to 400 #$| FET drive’. MTC20 


~LM2524D 5V to 40V 1.5V min. 1 to 550 Dual Alternating Open N16 
7 Transistor (0.2A) 


LM3524D 5V to 40V 1.5V min 1 to 550 Dual Alternating Open M16, N16 
| Transistor (0.2A) 


LM2640 5.5V to 30V 2.2 to 6V FET drive MTC28 
LM2641 5V to 30V__ 7V to 15V FET drive MTC28 


LM3478 2.95V to 40V 1.25V 100 to 1000 +#| Low-Side N-Channel FET MSOP-8. 
. drive 
LM3488 2.95V to 40V 1.25V 100 to 1000 Low-Side N-Channel FET MSOP-8 
drive 


INTEGRATED POWER SUPPLY SELECTION GUIDE 


Integrated power supplies provide a complete DC-DC Converter, including capacitors and inductor, in a single molded dual-in-line 
package. - 





MS101096-1 


Part Number lout Application 
LM2825-5.0 1A N24 
cwaeas-12 | teVto40v | 19v | _O7A 

[M2625-AD1 


Note 4: All switching converters have Current Limiting and Thermal Shutdown features Adj output voltage can be set typically from 1.23V to (Vij max - 3V). 
Note 5: Under Temp. Range the letters indicate temperature range. Ind = Industrial Temperature of —40°C to +125°C. Mil = Military Temperature of -55°C to +150°C. 
Note 6: Under Package, the letter identifies the type of package. Numbers following the package letter indicate number of pins. 
MM = Miniature Small Outline Molded Package (MSOP) 
K = Metal Can (TO-3) 
M = Small Outline Molded Package (Surface Mount) 
MTC = Molded Thin Shrink Small Outline Package (TSSOP) 
- N= Molded Dual-In-Line Package 
S = TO-263 (Power Surface Mount) 
K = TO-220 (Power Through Hole) 
J = Aluminum Nitride Ceramic Dual-In-Line Package 
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National Semiconductor 


Switching Regulators 
Definition Of Terms 


Boost Regulator: A switching regulator topology in which a 
lower DC voltage is converted to a higher DC voltage. Also 
known as a Step-Up Regulator. 


Buck Regulator: A switching regulator topology in which a 
higher DC voltage is converted to a lower DC voltage. Also 
known as a Step-Down Regulator 


Buck-Boost Regulator: A switching regulator topology in 
which a positive DC voltage is converted to a negative DC 
voltage without the use of a transformer. A variation of this to- 
pology produces a positive DC output voltage which is be- 
tween the positive DC output voltage maximum and mini- 
mum limits, i.e., providing both buck and boost functions. 


Burst Mode: The mode of operation in a switching regulator 
that results when the load current is reduced to the point 
where the minimum duty cycle of each pulse provides more 
energy than the load demands, thus causing the controller to 
“skip” pulses (or sets.of pulses) to maintain the output volt- 
age at its correct value. 


Line Regulation: The change in output voltage for a change 
in the input voltage. The measurement is made under condi- 
tions of low dissipation or by using pulse techniques such 
that the average chip temperature is not significantly af- 
fected. 


Duty Cycle (D): The ratio of the period time the output 
switch os ON to the total oscillator period. 
D = ton/T 

Capacitor Ripple Current: The RMS value of the maximum 
allowable alternating current at which a capacitor can be op- 
erated continuously at a specified temperature. This param- 
eter is specified by the capacitor manufacturer, and must be 
considered when a capacitor is used as a part of a switching 
regulator input or output filter. 


Catch Diode: The diode which provides a return path for the 
load current when the regulator switch is OFF. For switching 
regulators, the types of diodes normally used include 
Schottky-barrier, fast-recovery, and ultra-fast recovery. Also 
known as a Steering diode or free-wheeling diode. 


Collector Saturation Voltage: With the emitter grounded 
and the switch ON, the collector-to-emitter voltage of an 
NPN transistor switch at a specified collector current. 


Compensation: The circuitry required to provide adequate 
stability for the regulator control loop. 


Continuous Mode Operation: Relates to the inductor cur- 
rent. In the continuous mode, the inductor current is always 
greater than zero. In discontinuous mode, the inductor cur- 
rent falls to zero before the end of each switching cycle. 


Current Limit Sense Voltage: For regulator ICs that have 
externally-controlled limit, the current limit sense voltage is 
the voltage that must be applied (between two specified 
pins) to turn the output transistor OFF and start other current 
limit functions within the IC. 


Current-Mode Control: A method of feedback control used 
in switching regulators where both the output voltage and the 
switch current are used to control the switching element. 
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Diode Recovery Time: The period of time it takes the cur- 
rent through a diode to return to zero after the forward volt- 
age is removed (i.e., the diode is turned OFF). 


Discontinuous Mode Operation: See Continuous Mode 
Operation 

Efficiency (n): The proportion of input power actually deliv- 
ered to the load. 


apt COUT ate OU rez 
PIN Pout +PLoss 


Electromagnetic Interference (EMI): A generic term which 
is used to refer to any type of unwanted electromagnetic ra- 
diation coming from a system such as a switching regulator. 


Emitter Saturation Voltage: With the collector pulled up to 
the DC input voltage and the switch ON, the 
collector-to-emitter voltage of a NPN transistor switch at a 
specified emitter current. 


Error Amplifier (or Comparator): An amplifier (or compara- 
tor) which is used to detect the difference between a feed- 
back voltage (usually proportional to the output voltage) and 
a DC reference voltage. The resulting error voltage is used in 
the regulator control circuitry to adjust the switch on-time. 
This error amplifier may be either a transconductance-type 
or an operational amplifier. 


ESR: A parasitic element of every capacitor, the ESR 
(equivalent series resistance) is the purely resistive compo- 
nent of a real capacitor’s impedance. It is modeled as a re- 
sistor in series with the capacitive element, and its value is 
usually determined by the device construction. 


ESL: A parasitic element of every capacitor, which limits its 
effectiveness at high frequencies. The ESL (equivalent se- 
ries inductance) is the pure inductance component of a de- 
vice. Its value is usually determined by the device construc- 
tion, especially its leads. It is modeled as an inductor in 
series with the capacitive element. 


E-Top: See Operating Volt-Microsecond Constant. 


Flyback Regulator: A switching regulator topology in which 
a DC voltage is converted to another DC voltage by means 
of a transformer which stores energy delivered by a switch 
during the switch ON time, and transfers the energy to an 
output storage capacitor during the switch OFF time. 


Inductor Ripple Current (Aljyp): The peak-to-peak value of 
the inductor current waveform, typically a sawtooth wave- 
form when the regulator is operating in the continuous mode. 


Inductor Saturation: The condition which exists when an in- 
ductor cannot hold any more magnetic flux. When an induc- 
tor saturates, its inductance appears to decrease and the re- 
sistive component dominates. Inductor current is then limited 
only by the DC resistance of the wire and the available 
source current. 
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Switching Regulators Definition Of Terms. 


inverting Regulator: A switching regulator which converts a 
positive DC voltage to a negative DC voltage. The 
buck-boost topology is often used for this function. 


Magnetic Flux Interference: Unwanted interference emit- 
ted by magnetic components (transformers and inductors) in 
the form of magnetic flux. Magnetic flux interference can be 
minimized by the use of magnetic cores (Such as toroid or 
pot core) which contain the flux, or by shielding with materi- 
als such as steel or mu-metal. Aluminium and copper are not 
effective in shielding flux. 


Operating Volt-Microsecond Constant: The product (in 
Volts X microseconds) of the voltage applied to the switching 
regulator inductor and the period of time the voltage is ap- 
plied. Abbreviated as E-Top, this constant is a measure of 
the energy-handling capability of an inductor, and is depen- 
dent upon the type of core used, its core area, the number of 
turns of wire used, and the applied duty cycle. 


Oscillator Frequency: The frequency of the internal oscilla- 
tor used in the control of the switching regulator. Generally 
the same as the switching frequency, for most regulators the 
oscillator frequency is fixed, either internally or by an exter- 
nal resistor and/or capacitor. 


Output Ripple Voltage: The AC component of the switching 
regulator output voltage. It is usually dominated by the out- 
put capacitor ESR multiplied by the applied ripple current, 
but may have high-frequency spikes caused by effects of 
output capacitor ESL. 


Pulse-Width Modulation (PWM): A method of control used 
in a switching regulator where the duty cycle of the switching 
element is used to control the output voltage. 


Radio Frequency Interference (RFI): High-frequency elec- 
tromagnetic radiation resulting from the high switching 
speeds of switching transistors and rectifiers, often causing 
problems in nearby circuitry that is sensitive to the large 
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noise “spikes” that are often associated with it. RFI can be 
easily shielded by a good electrical conductor such as cop- 
per or aluminium. 


Snubber: A network used to limit the voltage developed 
across a component. The network usually consists of a zero 
diode, or a diode in series with a parallel resistor and capaci- 
tor. In a switching regulator, the snubber is most often used 
to limit the switch voltage of a flyback regulator. 


Soft Start: In a switching regulator, a soft start limits the duty 
cycle of the regulator during start up. This in turn limits the 
energy the regulator demands from its source while building 
up the output voltage from its initial condition of OV. 


Standby Quiescent Current: For a regulator with an 
ON/OFF pin, this is the supply current (or ground pin current) 
required by the regulator IC when in the standby (OFF) 
mode. 


Switch: In a switching regulator, a transistor or MOSFET 
used to deliver energy, in pulses, into energy storage de- 
vices (such as inductors, transformers, or capacitors) for use 
by a load. 


Switching Frequency: See Oscillator Frequency. 


Step Response: The transient response of a regulator out- 
put after the load current is “stepped” from one value to an- 
other. This test is often used for evaluating the loop stability 
of a regulator. 


Transient Response Time: The period of time it takes the 
output of a regulator to return to a steady-state value after a 
change in line voltage or load current. See also Step Re- 
sponse. . 

Voltage Mode Control: A method of control used in a 


switching regulator where the feedback from the output volt- 
age is used to provide control of the switching element. 





National Semiconductor 


LM1575/LM2575/LM2575HV Series 
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator 


General Description 


The LM2575 series of regulators are monolithic integrated 
circuits that provide all the active functions for a step-down 
(buck) switching regulator, capable of driving a 1A load with 
excellent line and load regulation. These devices are avail- 
able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an 
adjustable output version. 


Requiring a minimum number of external components, these 
regulators are simple to use and include internal frequency 
compensation and a fixed-frequency oscillator. 


The LM2575 series offers a high-efficiency replacement for 
popular three-terminal linear regulators. It substantially re- 
duces the size of the heat sink, and in many cases no heat 
sink is required. 


A standard series of inductors optimized for use with the 
LM2575 are available from several different manufacturers. 
This feature greatly simplifies the design of switch-mode 
power supplies. 


Other features include a guaranteed +4% tolerance on out- 
put voltage within specified input voltages and output load 
conditions, and +10% on the oscillator frequency. External 
shutdown is included, featuring 50 YA (typical) standby cur- 
rent. The output switch includes cycle-by-cycle current limit- 
ing, as well as thermal shutdown for full protection under 
_ fault conditions. 


Features 
@ 3.3V, 5V, 12V, 15V, and adjustable output versions 
m Adjustable version output voltage range, 
1.23V to 37V (57V tor HV version) 4% max over 
line and load conditions 
Guaranteed 1A output current 
Wide input voltage range, 40V up to 60V for HV version 
Requires only 4 external components 
52 kHz fixed frequency internal oscillator 
TTL shutdown capability, low power standby mode 
High efficiency 
Uses readily available standard inductors 
Thermal shutdown and current limit protection 
P* Product Enhancement tested 


Applications 


m™ Simple high-efficiency step-down (buck) regulator 
m Efficient pre-regualtor for linear regulators 

# On-card switching regulators 

m Positive to negative converter (Buck-Boost) 


Typical Application (Fixed output Voltage Versions) 









7V - 40V(60V) LM2575 
UNREGULATED 


DC INPUT 


Note: Pin numbers are for the TO-220 package. 


/ 


LM2575HV 
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FEEDBACK 
4 







+5V 

REGULATED 
OUTPUT 

1A Load 


OUTPUT 


DS011475-1 
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LM1575/LM2575/LM2575HV 


Block Diagram and Typical Application 


UNREGULATED 
DC INPUT 












3.3V, R2 = 1.7k 

5V, R2 = 3.1k 

12V, R2 = 8.84k 
15V, R2 = 11.3k 

For ADJ. Version 

R1 = Open, R2 = 0Q 





FIXED GAIN 
ERROR AMP 





1 AMP 
SWITCH 


OUTPUT V 
OUT 







1.23V 
BAND~GAP 
REFERENCE 






CURRENT 
LIMIT 


DS011475-2 


Note: Pin numbers are for the TO-220 package. 






















FIGURE 1. 
Connection Diagrams (XX indicates output voltage option. See Ordering Information table for complete part 
number.) 
Straight Leads 
5—Lead TO-22 (T) Bent, Staggered Leads Pins 1,3 & 5 
ay 5-Lead TO-220 (T) 
5- ON/OFF = 

sa 4~ Feedback rr 5- ON/OFF ene 

: C) 1 3- Ground Tr) 4- Feedback 
———— 7 Te aoa . sa DS011475-24 
DS011475-22 or 1- Vy Side View 
Top View DSO ees LM2575T-XX Flow LBO3 or 
See NS Package Number TOSA mee NS Facrage: Numper ten 
16-Lead DIP (N or J) 24-Lead Surface Mount (M) 
VIN PWR GND 
GND 
GND ‘ 
GND : 
GND au 
‘ SIG GND 
ON/OFF ; 
ON/OFF 
DS011475-25 * 
*No Internal Connection PWR GND 
Top View DS011475-26 


LM2575N-XX or LM2575HVN-XX 





*No Internal Connection 


See NS Package Number N16A 


See NS Package Number J16A 
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GMs Top View 
LM1575J-XX-QML LM2575M-XX or LM2575HVM-XX 


See NS Package Number M24B 
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Connection Diag FaMS (XxX indicates output voltage option. See Ordering Information table for complete part 


number.) (Continued) 


TO-263(S) 
5-Lead Surface-Mount Package 


5- ON/OFF 
4- Feedback 
3- Ground 
2- Output 
1 Vin 
DS011475-29 


TAB IS 
GND 


Top View 


DS011475-30 


Side View 
LM2575S-XX or LM2575HVS-XX 
See NS Package Number TS5B 


Ordering Information 


Package 
Type 


5-Lead TO-220 
Straight Leads 


5-Lead TO-220 


| Bent and 


Staggered Leads 


46-Pin Molded 
DIP 


-24-Pin 
Surface Mount 


5-Lead TO-236 
Surface Mount 


16-Pin Ceramic 
DIP 


NSC 
Package 
Number 


TO5A 


TO5D 
N16A 
M248 


TS5B 


JI6A 


Standard 


Voltage Rating 
(40V) 

LM2575T-3.3 
LM2575T-5.0 
LM2575T-12 
LM2575T-15 
LM2575T-ADJ 
LM2575T-3.3 Flow LBO3 
LM2575T-5.0 Flow LB03 
LM2575T-12 Flow LB03 
LM2575T-15 Flow LB03 
LM2575T-ADJ Flow LB03 
LM2575N-5.0 
LM2575N-12 
LM2575N-15 
LM2575N-ADJ 
LM2575M-5.0 
LM2575M-12 
LM2575M-15 
LM2575M-ADJ - 
LM2575S-3.3 
LM2575S-5.0 
LM2575S-12 
LM2575S-15 
LM2575S-ADJ 
LM1575J-3.3-QML 
LM1575J-5.0-QML 
LM1575J-12-QML 








LM1575J-15-QML 
LM1575J-ADJ-QML 
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High 
Voltage Rating 

(60V) 
LM2575HVT-3.3 
LM2575HVT-5.0 
LM2575HVT-12 
LM2575HVT-15 
LM2575HVT-ADJ 
LM2575HVT-3.3 Flow LBO3 
LM2575HVT-5.0 Flow LBO3 
LM2575HVT-12 Flow LBO3 
LM2575HVT-15 Flow LBO3 
LM2575HVT-ADJ Flow LB03 
LM2575HVN-5.0 
LM2575HVN-12 
LM2575HVN-15 
LM2575HVN-ADJ 
LM2575HVM-5.0 
LM2575HVM-12 
LM2575HVM-15 
LM2575HVM-ADJ 
LM2575HVS-3.3 
LM2575HVS-5.0 


Temperature 
Range 


-40°C <T, < +125°C 


| LM2575HVS-12 


LM2575HVS-15 
LM2575HVS-ADJ 


-55°C < T, < +150°C 
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LM1577/LM2577 


SIMPLE SWITCHER® Step-Up Voltage Regulator 


General Description 


The LM1577/LM2577 are monolithic integrated circuits that 
provide all of the power and control functions for step-up 
(boost), flyback, and forward converter switching regulators. 
The device is available in three different output voltage ver- 
sions: 12V, 15V, and adjustable. 


Requiring a minimum number of external components, these 
regulators are cost effective, and simple to use. Listed in this 
data sheet are a family of standard inductors and flyback 
transformers designed to work with these switching regula- 
tors. 


Included on the chip is a 3.0A NPN switch and its associated 
protection circuitry, consisting of current and thermal limiting, 
and undervoltage lockout. Other features include a 52 kHz 
fixed-frequency oscillator that requires no external compo- 
nents, a soft start mode to reduce in-rush current during 
Start-up, and current mode control for improved rejection of 
input voltage and output load transients. 


Typical Application 







Note: Pin numbers shown are for TO-220 (T) package. 


Ordering Information 





Temperature 
Range 





Package 
Type 





12V 














-40°C < T, $< +125°C | 24-Pin Surface Mount 





1N5821 


Output Voltage 







LM2577M-12 





Features 

m Requires few external components 

= NPN output switches 3.0A, can stand off 65V 

m Wide input voltage range: 3.5V to 40V 

= Current-mode operation for improved transient 
response, line regulation, and current limit 

m@ 52 kHz internal oscillator 

@ Soft-start function reduces in-rush current during start-up 


= Output switch protected by current limit, under-voltage 
lockout, and thermal shutdown 


Typical Applications 
m= Simple boost regulator 

m Flyback and forward regulators 
m= Multiple-output regulator 


12V @s 800 mA 
O REGULATED OUTPUT 


DS011468-1 






15V 


LM2577M-15 | LM2577M-ADJ 

















16-Pin Molded DIP LM2577N-12 LM2577N-15 LM2577N-ADJ 
5-Lead Surface Mount LM2577S-12 LM2577S-15 LM2577S-ADJ TO-263 
5-Straight Leads LM2577T-12 LM2577T-15 LM2577T-ADJ TO-220 
5-Bent Staggered LM2577T-12 LM2577T-15 LM2577T-ADJ TO-220 
Leads Flow LBOS Flow LBOS Flow LBOS 
-55°C < Ta, $ +150°C | 4-Pin TO-3 LM1577K-12/883 |LM1577K-15/883 LM1577K- TO-3 





ADJ/883 
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LM2524D/LM3524D 


National Semiconductor 


Regulating Pulse Width Modulator 


General Description 


The LM3524D family is an improved version of the industry 
standard LM3524. It has improved specifications and addi- 
tional features yet is pin for pin compatible with existing 3524 
families. New features reduce the need for additional exter- 
nal circuitry often required in the original version. 


The LM3524D has a +1% precision 5V reference. The cur- 
rent carrying capability of the output drive transistors has 
been raised to 200 mA while reducing Vogsat and increasing 
Voce breakdown to GOV. The common mode voltage range of 
the error-amp has been raised to 5.5V to eliminate the need 
for a resistive divider from the 5V reference. 


In the LM3524D the circuit bias line has been isolated from 
the shut-down pin. This prevents the oscillator pulse ampli- 
tude and frequency from being disturbed by shut-down. Also 
at high frequencies (=300 kHz) the max. duty cycle per out- 
put has been improved to 44% compared to 35% max. duty 
cycle in other 3524s. 


In addition, the LM3524D can now be synchronized exter- 
nally, through pin 3. Also a latch has been added to insure 


Block Diagram 
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one pulse per period even in noisy environments. The 
LM3524D includes double pulse suppression logic that in- 
sures when a shut-down condition is removed the state of 
the T-flip-flop will change only after the first clock pulse has 
arrived. This feature prevents the same output from being 
pulsed twice in a row, thus reducing the possibility of core 
saturation in push-pull designs. 


Features 


Fully interchangeable with standard LM3524 family 
+1% precision 5V reference with thermal shut-down 
Output current to 200 mA DC 

60V output capability 

Wide common mode input range for error-amp 

One pulse per period (noise suppression) 

Improved max. duty cycle at high frequencies 
Double pulse suppression 

Synchronize through pin 3 


REFERENCE eek er 
REGULATOR REF 


SV TO 
INTERNAL CIRCUITRY 


12 
© COLLECTOR A 


11 
O EMITTER A 


13 
O COLLECTOR B 


14 
O EMITTER B 


3, OSCILLATOR 
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es GND 


DS008650-1 


www.national.com 


GrcseWw Varese 1 


LM2574/LM2574HV 
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LM2574/LM2574HV 


National Semiconductor 


SIMPLE SWITCHER® 0.5A Step-Down Voltage Regulator 


General Description 


_ The LM2574 series of regulators are monolithic integrated 
circuits that provide all the active functions for a step-down 


(buck) switching regulator, capable of driving a 0.5A load 
with excellent line and load regulation. These devices are 
available in fixed output voltages of 3.3V, 5V, 12V, 15V, and 
an adjustable output version. 


Requiring a minimum number of external components, these 
regulators are simple to use and include internal frequency 
compensation and a fixed-frequency oscillator. 


The LM2574 series offers a high-efficiency replacement for 
popular three-terminal linear regulators. Because of its high 
efficiency, the copper traces on the printed circuit board are 
normally the only heat sinking needed. 


A standard series of inductors optimized for use with the 
LM2574 are available from several different manufacturers. 
This feature greatly simplifies the a agen of switch-mode 
power supplies. 


Other features include a partes +4% tolerance on out- 
put voltage within specified input voltages and output load 
conditions, and 10% on the oscillator frequency. External 
shutdown is included, featuring 50 pA (typical) standby cur- 
rent. The output switch includes cycle-by-cycle current limit- 
ing, as well as thermal shutdown for full protection under 
fault conditions. 


Features 

m 3.3V, 5V, 12V, 15V, and adjustable output versions 

m Adjustable version output voltage range, 1.23V to 37V 
(57V for HV version) +4% max over line and load 
conditions 

= Guaranteed 0.5A output current 

m Wide input voltage range, 40V, up to 60V for HV version 

m Requires only 4 external components 

m 52 kHz fixed frequency internal oscillator 

m= TTL shutdown capability, low power standby mode 

m@ High efficiency 

m Uses readily available standard inductors 

m™ Thermal shutdown and current limit protection 


Applications 

m= Simple high-efficiency step-down (buck) regulator 
m Efficient pre-regulator for linear reguialors: 

= On-card switching regulators 

m™ Positive to negative converter (Buck-Boost) 


Typical Application (Fixed Output Voltage Versions) 


Feedback 


60V Max 
Unregulated = 
DC Input 


Note: Pin numbers are for 8-pin DIP package. 





Regulated 
Output 
0.5A Load 
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Connection Diagrams 


8-Lead DIP 


* 


FB 
SIG GND 
ON/OFF 
PWR GND Vin 


OUTPUT 


* 


on Io IN Fo 


1 
2 
3 
4 


DS011394-2 
* No internal connection, but should be soldered to PC board for best heat 
transfer. 
Top View 
Order Number LM2574-3.3HVN, LM2574HVN-5.0, 
LM2574HVN-12, LM2574HVN-15, LM2574HVN-ADJ, 
LM2574N-3.3, LM2574N-5.0, LM2574N-12, 
LM2574N-15 or LM2574N-ADJ 
See NS Package Number NO8A 
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14-Lead Wide 
Surface Mount (WM) 





DS011394-3 


Top View 
Order Number LM2574HVN-3.3, LM2574HVM-5.0, 
LM2574HVN-12, LM2574HVM-15, LM2574HVM-ADJ, 
LM2574M-3.3 LM2574M-5.0, LM2574M-12, 
LM2574M-15 or LM2574M-ADJ 
See NS Package Number M14B 
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LM2576/LM2576HV 





A vationat Semiconductor 


LM2576/LM2576HV Series 
SIMPLE SWITCHER® 3A Step-Down Voltage Regulator 


General Description Features 


The LM2576 series of regulators are monolithic integrated # 3.3V, 5V, 12V, 15V, and adjustable output versions 
circuits that provide all the active functions for a step-down  «# Adjustable version output voltage range, 


(buck) switching regulator, capable of driving 3A load with 1.23V to 37V (57V for HV version) +4% max over 
excellent line and load regulation. These devices are avail- line and load conditions 

| able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an =m ~Guaranteed 3A output current 
adjustable output version. ™ Wide input voltage range, 40V up to 60V for 


Requiring a minimum number of external components, these HV version 


regulators are simple to use and include internal frequency m Requires only 4 external components 
compensation and a fixed-frequency oscillator. m 52 kHz fixed frequency internal oscillator 

The LM2576 series. offers a high-efficiency replacement for m TTL shutdown capability, low power standby mode 
popular three-terminal linear regulators. It substantially re- — » High efficiency 

duces the size of the heat sink, and in some cases no heat = Uses readily available standard inductors 

anes equnee: m Thermal shutdown and current limit protection 

A standard series of inductors optimized for use with the = —_ p, product Enhancement tested 

LM2576 are available from several different manufacturers. 

This feature greatly simplifies the design of switch-mode P . 

power supplies. Applications 


Other features include a guaranteed +4% tolerance on out- ™ Simple high-efficiency step-down (buck) regulator 
put voltage within specified input voltages and output load ™ Efficient pre-regulator for linear regulators 
conditions, and +10% on the oscillator frequency. External ™ On-card switching regulators 

shutdown is included, featuring 50 yA (typical) standby cur- | Positive to negative converter (Buck-Boost) 

rent. The output switch includes cycle-by-cycle current limit- 

ing, as well as thermal shutdown for full protection under 

fault conditions. 


| Typical Application (Fixed Output Voltage Versions) 






| FEEDBACK 







7V - 40V 
(60V for HV) LM2576/ [4 
UNREGULATED LM2576HV- +5V 
DC INPUT OUTPUT REGULATED 
OUTPUT 
3A LOAD 
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FIGURE 1. 
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Block Diagram 


UNREGULATED 
DC INPUT 
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L FEED- r2 FIXED GAIN 


ERROR AMP 






COMPARATOR 


>—D 


SWITCH 

















1.23V 
BAND~GAP CURRENT 
REFERENCE LIMIT 


DS011476-2 


3.3V R2 = 1.7k 

5V, R2 = 3.1k 

12V, R2 = 8.84k 
15V, R2 = 11.3k 

For ADJ. Version 

R1 = Open, R2 = 0Q 
Patent Pending 


Ordering Information 

















Package 
Type 


Temperature 
Range 


—-40°C < Ta 
< 125°C 








Output Voltage NS Package 
Ser Mk Oo See SG ies ae en ee eer 
oe a cea eee ome | 
finas7esxa3 | umas7esx-s0 | Lmasresx-t2 | Lwas7esx-is | Lwas7esx-abs | '#Pe & Ree 










LM2576HVT-3.3 LM2576HVT-5.0 - LM2576HVT-12 LM2576HVT-15 LM2576HVT-ADJ TO5D 
LM2576T-3.3 LM2576T-5.0 LM2576T-12 LM2576T-15 LM2576T-ADJ 
Flow LBO3 Flow LB03 Flow LBO3 
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LM2578A/LM3578A 
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AY national Semiconductor 


LM2578A/LM3578A 
Switching Regulator 


General Description 


The LM2578A is a switching regulator which can easily be 
set up for such DC-to-DC voltage conversion circuits as the 
buck, boost, and inverting configurations. The LM2578A fea- 
tures a unique comparator input stage which not only has 
separate pins for both the inverting and non-inverting inputs, 
but also provides an internal 1.0V reference to each input, 
thereby simplifying circuit design and p.c. board layout. The 
output can switch up to 750 mA and has output pins for its 
collector and emitter to promote design flexibility. An external 
current limit terminal may be referenced to either the ground 
or the V;,, terminal, depending upon the application. In addi- 
tion, the LM2578A has an on board oscillator, which sets the 
switching frequency with a single external capacitor from <1 
Hz to 100 kHz (typical). 


The LM2578A is an imoroved version of the LM2578, offer- 
ing higher maximum ratings for the total supply voltage and 
output transistor emitter and collector voltages. 


Functional Diagram 


Features 

m Inverting and non-inverting feedback inputs 

m 1.0V reference at inputs . 

m Operates from supply voltages of 2V to 40V 

= Output current up to 750 mA, saturation less than 0.9V 
= Current limit and thermal shut down 

m Duty cycle up to 90% 


Applications 

m@ Switching regulators in buck, boost, inverting, and 
single-ended transformer configurations 

m Motor speed control 

m Lamp flasher 


Vin 
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LM2585 


National Semiconductor 


SIMPLE SWITCHER® 3A Flyback Regulator 


General Description 


The LM2585 series of regulators are monolithic integrated 
circuits specifically designed for flyback, step-up (boost), and 
forward converter applications. The device is available in 4 
different output voltage versions: 3.3V, 5.0V, 12V, and adjust- 
able. 


Requiring a minimum number of external components, these 
regulators are cost effective, and simple to use. Included in 
the datasheet are typical circuits of boost and flyback regula- 
tors. Also listed are selector guides for diodes and capacitors 
and a family of standard inductors and flyback transformers 
designed to work with these switching regulators. 


The power switch is a 3.0A NPN device that can stand-off 
65V. Protecting the power switch are current and thermal 
limiting circuits, and an undervoltage lockout circuit. This IC 
contains a 100 kHz fixed-frequency internal oscillator that 
permits the use of small magnetics. Other features include 
soft start mode to reduce in-rush current during start up, cur- 
rent mode control for improved rejection of input voltage and 
output load transients and cycle-by-cycle current limiting. An 
output voltage tolerance of +4%, within specified input volt- 
ages and output load conditions, is guaranteed for the power 
supply system. 


Flyback Regulator 











Ordering Information 


1N5819 


Feedback 


Features 


m Requires few external components 

= Family of standard inductors and transformers 

NPN output switches 3.0A, can stand off 65V 

Wide input voltage range: 4V to 40V 

Current-mode operation for improved transient 

response, line regulation, and current limit 

100 kHz switching frequency 

m Internal soft-start function reduces in-rush current during 
start-up 

= Output transistor protected by current limit, under 
voltage lockout, and thermal shutdown 

m System Output Voltage Tolerance of +4% max over line 
and load conditions 


Typical Applications 
m™ Flyback regulator 

@ Multiple-output regulator 

m Simple boost regulator 

m™ Forward converter 


1N5819 


O +12V@0.15A 


O -12V@0.15A 


DS012515-1 


Package Type NSC Package Order Number 
Drawing 
5-Lead TO-220 Bent, Staggered Leads LM2585T-3.3, LM2585T-5.0, LM2585T-12, LM2585T-ADJ 
_5-Lead TO-263 LM2585S-3.3, LM2585S-5.0, LM2585S-12, LM2585S-ADJ 
5-Lead TO-263 Tape and Reel LM2585SX-3.3, LM2585SX-5.0, LM2585SX-12, 
LM2585SX-ADJ 
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LM2586 


National Semiconductor 


LM2586 


SIMPLE SWITCHER® 3A Flyback Regulator with 


Shutdown 


General Description 


The LM2586 series of regulators are monolithic integrated 
circuits specifically designed for flyback, step-up (boost), and 
forward converter applications. The device is available in 4 
different output voltage versions: 3.3V, 5.0V, 12V, and adjust- 
able. 


Requiring a minimum number of external components, these 
regulators are cost effective, and simple to use. Included in 
the datasheet are typical circuits of boost and flyback regula- 
tors. Also listed are selector guides for diodes and capacitors 
and a family of standard inductors and flyback transformers 
designed to work with these switching regulators. 


The power switch is a 3.0A NPN device that can stand-off 
65V. Protecting the power switch are current and thermal 
limiting circuits, and an undervoltage lockout circuit. This IC 
contains an adjustable frequency oscillator that can be pro- 
grammed up to 200 kHz. The oscillator can also be synchro- 
nized with other devices, so that multiple devices can oper- 
ate at the same switching frequency. 


Other features include soft start mode to reduce in-rush cur- 
rent during start up, and current mode control for improved 
rejection of input voltage and output load transients and 
cycle-by-cycle current limiting. The device also has a shut- 
down pin, so that it can be turned off externally. An output 
voltage tolerance of +4%, within specified input voltages and 
output load conditions, is guaranteed for the power supply 
system. 


Flyback Regulator 





LM2586 — 12 


= on/off 
and 
Freq. Adj. 


Freq. Syne. 
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Feedback 


Features 

m Requires few external components 

m= Family of standard inductors and transformers 

NPN output switches 3.0A, can stand off 65V 

Wide input voltage range: 4V to 40V 

Adjustable switching frequency: 100 kHz to 200 kHz 

External shutdown capability 

Draws less than 60 LA when shut down 

Frequency synchronization 

Current-mode operation for improved transient 

response, line regulation, and current limit 

@ Internal soft-start function reduces in-rush current during 
start-up 

= Output transistor protected by current limit, under 
voltage lockout, and thermal shutdown 

m System output voltage tolerance of +4% max over line | 
and load conditions 


Typical Applications 
m@ Flyback regulator 

m™ Forward converter 

™ Multiple-output regulator 

# Simple boost regulator 


1N5819 






O+12V @0.15A 


O -12V @0.15A 





1N5819 






330 uF 
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Ordering Information 


Package Type 


7-Lead TO-220 Bent, Staggered Leads 
7-Lead TO-263 
7-Lead TO-263 Tape and Reel 


NSC Package 


TS7B 
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Order Number 


LM2586T-3.3, LM2586T-5.0, LM2586T-12, LM2586T-ADJ 
LM2586S-3.3, LM2586S-5.0, LM2586S-12, LM2586S-ADJ 


LM2586SX-3.3, LM2586SX-5.0, LM2586SX-12, 
LM2586SX-ADJ 


www.national.com 


98ScINT 





LM2587 
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LM2587 


National Semiconductor 


SIMPLE SWITCHER® 5A Flyback Regulator 


General Description 


The LM2587 series of regulators are monolithic integrated 
circuits specifically designed for flyback, step-up (boost), and 
forward converter applications. The device is available in 4 
different output voltage versions: 3.3V, 5.0V, 12V, and adjust- 
able. 


Requiring a minimum number of external components, these 
regulators are cost effective, and simple to use. Included in 
the datasheet are typical circuits of boost and flyback regula- 
tors. Also listed are selector guides for diodes and capacitors 
and a family of standard inductors and flyback transformers 
designed to work with these switching regulators. 


The power switch is a 5.0A NPN device that can stand-off 
65V. Protecting the power switch are current and thermal 
limiting circuits, and an undervoltage lockout circuit. This IC 
contains a 100 kHz fixed-frequency internal oscillator that 
permits the use of small magnetics. Other features include 
soft start mode to reduce in-rush current during start up, cur- 
rent mode control for improved rejection of input voltage and 
output load transients and cycle-by-cycle current limiting. An 
output voltage tolerance of +4%, within specified input volt- 
ages and output load conditions, is guaranteed for the power 
supply system. 


Flyback Regulator 








Ordering Information 


Package Type 


IN5822 


Feedback 


NSC Package 
Drawing 


Features 

m Requires few external components 

m= Family of standard inductors and transformers 

= NPN output switches 5.0A, can stand off 65V 

= Wide input voltage range: 4V to 40V 

m= Current-mode operation for improved transient 

response, line regulation, and current limit 

100 kHz switching frequency 

Internal soft-start function reduces in-rush current during 

start-up 

= Output transistor protected by current limit, under 
voltage lockout, and thermal shutdown 

m System Output Voltage Tolerance of +4% max over line 
and load conditions 


Typical Applications 
m™ Flyback regulator 

= Multiple-output regulator 

@ Simple boost regulator 

m Forward converter 


IN5822 


O +12V@0.3A 


O -12V@0.3A 








DS012316-1 


Order Number 


5-Lead TO-220 Bent, Staggered Leads LM2587T-3.3, LM2587T-5.0, LM2587T-12, LM2587T-ADJ 

5-Lead TO-263 LM2587S-3.3, LM2587S-5.0, LM2587S-12, LM2587S-ADJ 

5-Lead TO-263 Tape and Reel LM2587SX-3.3, LM2587SX-5.0, LM2587SX-12, 
LM2587SX-ADJ 
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National Semiconductor 


LM2588 


SIMPLE SWITCHER® 5A Flyback Regulator with 


Shutdown 


General Description Features 


The LM2588 series of regulators are monolithic integrated 
circuits specifically designed for flyback, step-up (boost), and 
forward converter applications. The device is available in 4 
different output voltage versions: 3.3V, 5.0V, 12V, and adjust- 
able. 


Requiring a minimum number of external components, these 
regulators are cost effective, and simple to use. Included in 
the datasheet are typical circuits of boost and flyback regula- 
tors. Also listed are selector guides for diodes and capacitors 
and a family of standard inductors and flyback transformers 
designed to work with these switching regulators. 


The power switch is a 5.0A NPN device that can stand-off 
65V. Protecting the power switch are current and thermal 
limiting circuits, and an undervoltage lockout circuit. This IC 
contains an adjustable frequency oscillator that can be pro- 


External shutdown capability 


Frequency synchronization 


start-up 


nized with other devices, so that multiple devices can oper- and load conditions 
ate at the same switching frequency. 


Other features include soft start mode to reduce in-rush cur- Typical Applications 


rent during start up, and current mode control for improved # Fiyback regulator 
rejection of input voltage and output load transients and =m Forward converter 
cycle-by-cycle current limiting. The device also has a shut- —_» Multiple-output regulator 
down pin, so that it can be turned off externally. An output 
voltage tolerance of +4%, within specified input voltages and 
output load conditions, is guaranteed for the power supply 
system. 


= Simple boost regulator 


Flyback Regulator 


1N5822 











1N5822 
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Requires few external components 

Family of standard inductors and transformers 

NPN output switches 5.0A, can stand off 65V 

Wide input voltage range: 4V to 40V 

Adjustable switching frequency: 100 kHz to 200 kHz 


Draws less than 60 pA when shut down 
Current-mode operation for improved transient 
response, line regulation, and current limit 


m Internal soft-start function reduces in-rush current during 


= Output transistor protected by current limit, under 
voltage lockout, and thermal shutdown 


grammed up to 200 kHz. The oscillator can also be synchro- ™ System output voltage tolerance of +4% max over line 


1000 pF 


1000 pwF 
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LM2588 


Ordering Information 


Package Type 


7-Lead TO-220 Bent, Staggered Leads 
7-Lead TO-263 
7-Lead TO-263 Tape and Reel 
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NSC Package 
Drawing 


TS7B 
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Order Number 


LM2588T-3.3, LM2588T-5.0, LM2588T-12, LM2588T-ADJ 
LM2588S-3.3, LM2588S-5.0, LM2588S-12, LM2588S-ADJ 


LM2588SX-3.3, LM2588SX-5.0, LM2588SX-12, 
LM2588SX-ADJ 





LM2594/LM2594HV 


National Semiconductor 


SIMPLE SWITCHER® Power Converter 150 kHz 0.5A 


Step-Down Voltage Regulator 


General Description 


The LM2594/LM2594HV series of regulators are monolithic 
integrated circuits that provide all the active functions for a 
step-down (buck) switching regulator, capable of driving a 
0.5A load with excellent line and load regulation. These de- 
vices are available in fixed output voltages of 3.3V, 5V, 12V, 
and an adjustable output version, and are packaged in a 
8-lead DIP and a 8-lead surface mount package. 


Requiring a minimum number of external components, these 
regulators are simple to use and feature internal frequency 
compensationt, a fixed-frequency oscillator, and improved 
line and load regulation specifications. 


The LM2594/LM2594HV series operates at a switching fre- 
quency of 150 kHz thus allowing smaller sized filter compo- 
nents than what would be needed with lower frequency 
switching regulators. Because of its high efficiency, the cop- 
per traces on the printed circuit board are normally the only 
heat sinking needed. 


A standard series of inductors (both through hole and sur- 
face mount types) are available from several different manu- 
facturers optimized for use with the LM2594/LM2594HV se- 
ries. This feature greatly simplifies the design of 
switch-mode power supplies. 


Other features include a guaranteed +4% tolerance on out- 
put voltage under all conditions of input voltage and output 
load conditions, and +15% on the oscillator frequency. Ex- 
ternal shutdown is included, featuring typically 85 pA 
standby current. Self protection features include a two stage 
frequency reducing current limit for the output switch and an 
over temperature shutdown for complete protection under 
fault conditions. 


The LM2594HV is for applications requiring an input voltage 
up to 60V. 


Features 


@ 3.3V, 5V, 12V, and adjustable output versions 

m Adjustable version output voltage range, 1.2V to 37V 
(57V for the HV version)+4% max over line and load 
conditions 

® Available in 8-pin surface mount and DIP-8 package 

m™ Guaranteed 0.5A output current 

m™ Input voltage range up to 60V 

m Requires only 4 external components 

@ 150 kHz fixed frequency internal oscillator 

= TTL Shutdown capability 

m@ Low power standby mode, Ig typically 85 pA 

B High Efficiency 

m Uses readily available standard inductors 

m Thermal shutdown and current limit protection 


Applications 

m= Simple high-efficiency step-down (buck) regulator 
a Efficient pre-regulator for linear requlators 

= On-card switching regulators 

= Positive to Negative convertor 


Typical Application (Fixed Output Voltage Versions) 









Feedback 
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| 120 pF 
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www.national.com 


AHV6SCINT/V6SCIN'I 


LM2594/LM2594HV 


Connection Diagrams and Order Information 


8-Lead DIP (N) 

8-Lead Surface Mount (M) 
OUTPUT 
Vi OUTPUT 
GND 


ON/OFF 


VIN 
GND 
ON/OFF 





DS012439-2 


Top View | | DS012439-3 
Order Number 





Top View 
LM2594N-3.3, LM2594N-5.0, Order Number LM2594N-3.3, 
LM2594N-12 or LM2594N-ADJ LM2594M-5.0. LM2594M-12 or 
LM2594HVN-3.3, LM2594HVN-5.0, LM2594M-ADJ 
LM2594HVN-12 or LM2594HVN-ADJ LM2594HVM-3.3, LM2594HVM-5.0, 


_ See NS Package Number NO8E LM2594HVM-12 or LM2594HVM-ADJ 


See NS Package Number M08A 
*No internal connection, but should be soldered to pc board for best heat transfer. 
tPatent Number 5,382,918. 
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LM2595 
SIMPLE SWITCHER® Power Converter 150 kHz 
1A Step-Down Voltage Regulator 


General Description Features 


The LM2595 series of regulators are monolithic integrated ™ 3.3V, SV, 12V, and adjustable output versions 
circuits that provide all the active functions for a step-down  # Adjustable version output voltage range, 1.2V to 37V 
(buck) switching regulator, capable of driving a 1A load with +4% max over line and load conditions 

excellent line and load regulation. These devices are avail- Available in TO-220 and TO-263 (surface mount) 
able in fixed output voltages of 3.3V, 5V, 12V, and an adjust- packages 


able output version. Guaranteed 1A output load current 

Requiring a minimum number of external cornponents, these Input voltage range up to 40V 

regulators are simple to use and include internal frequency Requires only 4 external components 
compensation’, and a fixed-frequency oscillator. Excellent line and load regulation specifications 
The LM2595 series operates at a switching frequency of 150 kHz fixed frequency internal oscillator 

ss a ies eee aa ae filter seb iles than TTL shutdown capability 

what would be needed with lower frequency switching regu- ; 

lators. Available in a standard 5-lead TO-220 package with . nt dibs tenaby more: to Weledly2S:2A 
several different lead bend options, and a 5-lead TO-263 nS iilaned 
surface mount package. Typically, for output voltages less ™ Uses readily available standard inductors . 
than 12V, and ambient temperatures less than 50°C, no heat ™ Thermal shutdown and current limit protection 
sink is required. | 


A standard series of inductors are available from several dit- Applications 

ferent manufacturers optimized for use with the LM2595 se- sm Simple high-efficiency step-down (buck) regulator 
nes. This feature greatly simplifies the design of m Efficient pre-regulator for linear regulators 
Switch-mode power supplies. m On-card switching regulators 

Other features include a guaranteed +4% tolerance on out- —_@ Positive to negative converter 

put voltage under specified input voltage and output load 
conditions, and +15% on the oscillator frequency. External 
shutdown is included, featuring typically 85 yA stand-by cur- 
rent. Self protection features include a two stage frequency 
reducing current limit for the output switch and an over tem- 
perature shutdown for complete protection under fault condi- 
tions. 


Note: + Patent Number 5,382,918. 


Typical Application (Fixed Output Voltage Versions) 


Feedback 


4 
LM2595 J tout 









12V 
Unregulated 
DC Input 


Regulated 
Output 
1A Load 


DS012565-1 
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Connection Diagrams and Ordering Information 


LM2595 


Bent and Staggered Leads, Through Hole Package 
5—Lead TO-220 (T) Surface Mount Package 


5-Lead TO-263 (S) 


Pins 1,3 & 5 
Side Pins 2 & 4 Side 
View . View 


5 ~ ON/OFF 











= ——— 4 - Feed Back Met ae ON/OFF 
ha Cc) oo 3 - Ground Top Sie : - Daa 
sai oan View Np ney 
1 - Output IN 
DS012565-2 1 - Output 
DS012565-3 
Order Number LM2595T-3.3, LM2595T-5.0, 
LM2595T-12 or LM2595T-ADJ Order Number LM2595S-3.3, LM2595S-5.0, 


LM2595S-12 or LM2595S-ADJ 
See NS Package Number T05D 
g dias See NS Package Number TS5B 


16-Lead Ceramic Dual-in-Line Package (J) 


INPUT 
N/C 
GND 
GND 
GND 
GND 
N/C 
ON/OFF 


1 
2 
3 
4 
5 
6 
7 
8 





DS012565-57 


Order Number LM2595J-3.3-QML (5962-9687901QEA), 
LM2595J-5.0-QML (5962-9650301QEA), 
LM2595uU-12-QML (5962-9650201 QEA), 
or LM2595J-ADJ-QML (5962-9650401 QEA) 
See NS Package Number J16A 
For specifications and information about Military-Aerospace products, please see the Mil-Aero web page at 
http://www.national.com/appinfo/milaero/index.html. 
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LM2596 
SIMPLE SWITCHER® Power Converter 150 kHz 
3A Step-Down Voltage Regulator 


General Description Features 


The LM2596 series of regulators are monolithic integrated ™ 3.3V, 5V, 12V, and adjustable output versions 

circuits that provide all the active functions for a step-down Adjustable version output voltage range, 1.2V to 37V 
| (buck) switching regulator, capable of driving a 3A load with +4% max over line and load conditions 

excellent line and load regulation. These devices are avail- Available in TO-220 and TO-263 packages 

able in fixed output voltages of 3.3V, 5V, 12V, and an adjust- Guaranteed 3A output load current 


able output version. Input voltage range up to 40V 
Requiring a minimum number of external components, these Requires only 4 external components 
regulators are simple to use and include internal frequency Excellent line and load regulation specifications 
compensations, and a fixed-frequency oscillator. 150 kHz fixed frequency internal oscillator 
The LM2596 series operates at a switching frequency of TTL shutdown capability 
150 kHz thus allowing smaller sized filter components than Low power standby mode, |, typically 80 pA 
what would be needed with lower frequency switching regu- a — 
lators. Available in a standard 5-lead TO-220 package with "™ Eugn efficiency 

m Uses readily available standard inductors 


several different lead bend options, and a 5-lead TO-263 
surface mount package. @ Thermal shutdown and current limit protection 


A standard series of inductors are available from several dif- . . 
ferent manufacturers optimized for use with the LM2596 se- Applications 
ries. This feature greatly simplifies the design of Simple high-efficiency step-down (buck) regulator 


switch-mode power supplies. = On-card switching regulators 
Other features include a guaranteed +4% tolerance on out- sm Positive to negative converter 
put voltage under specified input voltage and output load Note: ¢Patent Number 5,382,918. 


conditions, and +15% on the oscillator frequency. External 
shutdown is included, featuring typically 80 WA standby cur- 
rent. Self protection features include a two stage frequency 
reducing current limit for the output switch and an over tem- 
perature shutdown for complete protection under fault condi- 
tions. 


Typical Application (Fixed Output Voltage Versions) 


Feedback 
4 












12V 






LM2596 


Unregulated Outset 5.0V Regulated 
DC Input 5.0 E Output 
3A Load - 


DS012583-1 
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LM2596 


Connection Diagrams and Ordering Information 


Bent and Staggered Leads, Through Hole 
Package 
5-Lead TO-220 (T) 


Pins 1, 3, and 5 
Side Pins 2 and 4 
View 


5 - ON/OFF 


Ae 4 — Feed Back 









Top 


; ——__1__.d_4 3 ~ Ground 
View 


———L—1_—) 2 ~ Output 
| t= Vin 


DS012583-2 
Order Number LM2596T-3.3, LM2596T-5.0, 


LM2596T-12 or LM2596T-ADJ 
See NS Package Number T05D 
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Surface Mount Package 
5-Lead TOQ-263 (S) 


Side 
View 
5 - ON/OFF 
Metal 4 - Feed Back 
oe Tab 3 - Ground 
W GND 2 - Output 





1 - Vin 
DS012583-3 
Order Number LM2596S-3.3, LM2596S-5.0, 
LM2596S-12 or LM2596S-ADJ 
See NS Package Number TS5B 


National Semiconductor 





LM2597/LM2597HV 
SIMPLE SWITCHER® Power Converter 150 kHz 0. 5A 
Step-Down Voltage Regulator, with Features 


General Descri ption The LM2597HV is for use in applications requiring and input 


voltage up to 60V. 
The LM2597/LM2597HV series of regulators are monolithic 
integrated circuits that provide all the active functions for a 
step-down (buck) switching regulator, capable of driving a Features 
0.5A load with excellent line and load regulation. These de- & 3.3V, 5V, 12V, and adjustable output versions 
vices are available in fixed output voltages of 3.3V, 5V,12V, ™ Adjustable version output voltage range, 1.2V to 37V 
and an adjustable output version, and are packaged in an (57V for HV version)+4% max over line and load 
8-lead DIP and an 8-lead surface mount package. conditions 


This series of switching regulators is similar to the LM2594 Guaranteed 0.5A output current 
series, with additional supervisory and performance features Available in 8-pin surface mount and DIP-8 package 
added. Input voltage range up to 60V 


Requiring a minimum number of external components, these 150 kHz fixed frequency internal oscillator 
regulators are simple to use and include internal frequency Shutdown /Soft-start 

compensationy, improved line and load specifications, Out of regulation error flag 
fixed-frequency oscillator, Shutdown /Soft-start, error flag Error output delay 


delay and error flag output. Bias Supply Pin (Vgs) for internal circuitry improves 
~ The LM2597/LM2597HV series operates at a switching fre- efficiency at high input voltages 


quency of 150 kHz thus allowing smaller sized filter compo- sg _ Low power standby mode, Iq typically 85 pA 
nents than what would be needed with lower frequency m High Efficiency 
switching regulators. Because of its high efficiency, the cop- = Uses readily available standard inductors 

= 


per traces on the printed circuit board are normally the only fe 
heat sinking needed. Thermal shutdown and current limit protection 


AHZ6SCW1/Z6SCW 1 


A standard series of inductors (both through hole and sur- 2 = 

face mount types) are available from several different manu- Applications 

facturers optimized for use with the LM2597/LM2597HV se- ™ Simple high-efficiency step-down (buck) regulator 
ries. This feature greatly simplifies the design of m Efficient pre-regulator for linear regulators 
switch-mode power supplies. = On-card switching regulators 

Other features include a guaranteed +4% tolerance on out- = Positive to Negative converter 

put voltage under all conditions of input voltage and output 

| load conditions, and +15% on the oscillator frequency. Ex- 

ternal shutdown is included, featuring typically 85 pA 

standby current. Self protection features include a two stage 

current limit for the output switch and an over temperature 

shutdown for complete protection under fault conditions. 


Typical Application (Fixed Output Voltage Versions) 


















ae 3 
+12V Care 
Unregulated 
DC Input LM2597 iene 
—— 5.0 — e +5.0V 
Error Flag J QU O Regulated 
+ Cour Output 
eee | ee 2}Delay 6 Gnd D1 120 uf 0-54 Load 
Shutdown /Soft-start 1N5817 | H 


DS012440-1 
+Patent Number 5,382,918. 
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LM2598 


AY vationat Semiconductor 


SIMPLE SWITCHER® Power Converter 150 kHz 
1A Step-Down Voltage Regulator, with Features 


General Description 


The LM2598 series of regulators are monolithic integrated 
circuits that provide all the active functions for a step-down 
(buck) switching regulator, capable of driving a 1A load with 
excellent line and load regulation. These devices are avail- 
able in fixed output voltages of 3.3V, 5V, 12V, and an adjust- 
able output version. 


This series of switching regulators is similar to the LM2595 
series, with additional supervisory and performance features 
added. 


Requiring a minimum number of external components, these 
regulators are simple to use and include internal frequency 
compensationy, improved line and load specifications, 
fixed-frequency oscillator, Shutdown /Soft-start, error flag 
delay and error flag output. 


The LM2598 series operates at a switching frequency of 150 
kHz thus allowing smaller sized filter components than what 
would be needed with lower frequency switching regulators. 
Available in a standard 7-lead TO-220 package with several 
different lead bend options, and a 7-lead TO-263 surface 


| mount package. Typically, for output voltages less than 12V, 


and ambient temperatures less than 50°C, no heat sink is re- 
quired. 


| A standard series of inductors (both through hole and sur- 


face mount types) are available from several different manu- 


| facturers optimized for use with the LM2598 series. This fea- 


ture greatly simplifies the design of switch-mode power 
supplies. 

Other features include a guaranteed +4% tolerance on out- 
put voltage under all conditions of input voltage and output 
load conditions, and +15% on the oscillator frequency. Ex- 


ternal shutdown is included, featuring typically 85 pA 
standby current. Self protection features include a two stage 
current limit for the output switch and an over temperature 
shutdown for complete protection under fault conditions. 


Features 


@ 3.3V, 5V, 12V, and adjustable output versions 

® Adjustable version output voltage range, 1.2V to 37V 
+4% max over line and load conditions 

m™ Guaranteed 1A output current 

m Available in 7-pin TO-220 and TO-263 (surface mount) 

package 

Input voltage range up to 40V 

Excellent line and load regulation specifications 

150 kHz fixed frequency internal oscillator 

Shutdown /Soft-start 

Out of regulation error flag 

Error output delay 

Low power standby mode, Ig typically 85 pA 

High Efficiency 

Uses readily available standard inductors 

Thermal shutdown and current limit protection 


Applications 

# Simple high-efficiency step-down (buck) regulator 
= Efficient pre-regulator for linear regulators 

m On-card switching regulators 

= Positive to Negative converter 


Typical Application (Fixed Output Voltage Versions) 


#12V 
Unregulated 
DC Input 


Error Flag 


SD/SS_ 5 | Delay 





Shutdown /Soft~start 






| +5.0V 
rene é O Regulated 
Cour Output 


180 uF 1A Load 
ncaa 


DS012593-1 


41Gnd 
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Connection Diagrams and Order Information 


S6SCINT 


Bent and Staggered Leads, Through Hole Package 
7-Lead TO-220 (T) 


Surface Mount Package 


. 7-Lead TO-263 (S) 
Pins 1, 3, 5, and 7 


Pins 2, 4, and 6 





=e 7 - SD/.SS 
: i eae 6 - Feed Back 
So ipeley Metal 5 - Delay 
Tab 4 - Ground 
4 - Ground 3 - Fla 
3 - Flag GND oe ‘a 
z= VIN 
i= Ouieel 1 - Output 





DS012593-22 


Order Number LM2598S-3.3, LM2598S-5.0, 
LM2598S-12 or LM2598S-ADJ 
See NS Package Number TS7B 


DS012593-50 


Order Number LM2598T-3.3, LM2598T-5.0, 
LM2598T-12 or LM2598T-ADJ 
See NS Package Number TA07B 
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LM2599 


National Semiconductor 


SIMPLE SWITCHER® Power Converter 150 kHz 3A 
Step-Down Voltage Regulator, with Features 


General Description 


The LM2599 series of regulators are monolithic integrated 
circuits that provide all the active functions for a step-down 
(buck) switching regulator, capable of driving a 3A load with 
excellent line and load regulation. These devices are avail- 
able in fixed output voltages of 3.3V, 5V, 12V, and an coer 
able output version. 


This series of switching regulators is similar to the LM2596 
series, with additional supervisory and performance features 
added. 


Requiring a minimum number of external components, these 
regulators are simple to use and include internal frequency 
compensationt, improved line and load specifications, 
fixed-frequency oscillator, Shutdown/Soft-start, error flag de- 
lay and error flag output. 


The LM2599 series operates at a switching frequency of 150 
kHz thus allowing smaller sized filter components than what 
would be needed with lower frequency switching regulators. 
Available in a standard 7-lead TO-220 package with several 
different lead bend options, and a 7-lead TO-263 Surface 
mount package. 


A standard series of inductors (both through hole and sur- 
face mount types) are available from several different manu- 
facturers optimized for use with the LM2599 series. This fea- 
ture greatly simplifies the design of switch-mode power 
supplies. 


Other features include a guaranteed +4% tolerance on out- 
put voltage under all conditions of input voltage and output 
load conditions, and 15% on the oscillator frequency. Ex- 
ternal shutdown is included, featuring typically 80 yA 


standby current. Self protection features include a two stage 
current limit for the output switch and an over temperature 
shutdown for complete protection under fault conditions. 


Features 


@ 3.3V, 5V, 12V, and adjustable output versions 


m Adjustable version output voltage range, 1.2V to 37V 
+4% max over line and load conditions 

Guaranteed 3A output current 

Available in 7-pin TO-220 and TO-263 (surface mount) 
Package 

Input voltage range up to 40V 

150 kHz fixed frequency internal oscillator 
Shutdown/Soft-start 

Out of regulation error flag 

Error output delay 

Low power standby mode, Ig typically 80 pA 

High Efficiency 

Uses readily available standard inductors 

Thermal shutdown and current limit protection 


Applications 
= Simple high-efficiency step-down (buck) regulator 
m Efficient pre-regulator for linear regulators 
m On-card switching regulators 
= Positive to Negative converter 
Note: 7 Patent Number 5,382,918. 


Typical Application (Fixed Output Voltage Versions) 





+12V 
Unregulated 
DC Input ati LM2599 
Flag 5.0 


Error Flag 


ee ee SD/SS 5 | Delay 
Shutdown/Soft-start 


+Vin | Feedback 






16 








+5.0V 
VQ O Regulated 
Cour Output 


220 pF 3A Load 
rigea4 


DS012582-1 






Output 





41 Gnd 
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LCOCINT 


Low Input Voltage, Step-Up DC-DC Converter 


General Description 


The LM2621 is a high efficiency, step-up DC-DC switching 
regulator for battery-powered and low input voltage systems. 
It accepts an input voltage between 1.2V and 14V and con- 
verts it into a regulated output voltage. The output voltage 
can be adjusted between 1.24V and 14V. It has an internal 
0.17Q N-Channel MOSFET power switch. Efficiencies up to 
90% are achievable using the LM2621. 


The high switching frequency (adjustable up to 2MHz) of the 
LM2621 allows for tiny surface mount inductors and capaci- 
tors. Because of the unique constant-duty-cycle gated oscil- 
lator topology very high efficiencies are realized over a wide 
load range. The supply current is reduced to 80A because 
of the BICMOS process technology. In the shutdown mode, 
the supply current is less than 2.5yA. 


The LM2621 is available in a Mini-SO-8 package. This pack- 
age uses half the board area of a standard 8-pin SO and has 
a height of just 1.09 mm. 


Typical Application Circuit 









1-Cell Lilon PGND 


LM2621 


Features 

# Small Mini-SO8 Package (Half the Footprint of Standard 
8-Pin SO Package) 

1.09 mm Package Height 

Up to 2 MHz Switching Frequency 

1.2V to 14V Input Voltage 

1.24V - 14V Adjustable Output Voltage 

Up to 1A Load Current 

0.17 Q Internal MOSFET 

Up to 90% Regulator Efficiency 

80 YA Typical Operating Current 

<2.5uA Guaranteed Supply Current In Shutdown 


Applications 

mw PDAs, Cellular Phones 

@ 2-Cell and 3-Ceil Battery-Operated Equipment 
™ PCMCIA Cards, Memory Cards 
= Flash Memory Programming 

m™ TFT/LCD Applications 

@ 3.3V to 5.0V Conversion 

m GPS Devices 

m™ Two-Way Pagers 

m Palmtop Computers 

@ Hand-Held Instruments 


DS100934-12 
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Connection Diagram 


Mini SO-8 (MM) Package 


e 
PGND~4 1 8 sw 
EN-] 2 7 BOOT 
FREQ— 3 6 EVop 
FB 4 5 |-SGND 


DS100934-18 


Top View 
Ordering Information 


| NSC Package Package | 
Order Number Package Type Marking Supplied As 


LM2621MMX |  MiniSO-8 | |MUAO8A SO6A 3000 Units on Tape and Reel 
LM262i1MM | =-MiniSO-8 | +~— MUAO8A SO6A 1000 Units on Tape and Ree! 
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LM2636 


National Semiconductor 


9E9CINT 





5-Bit Programmable Synchronous Buck Regulator 


Controller 


General Description 


The LM2636 is a high speed controller designed specifically 
for use in synchronous DC/DC buck converters for advance 
d microprocessors. A 5-bit DAC accepts the VID code di- 
rectly from the CPU and adjusts the output voltage from 1.3V 
to 3.5V. It provides the power good, over-voltage protection, 
and output enable features as required by Intel VRM speci- 
fications. Current limiting is achieved by monitoring the volt- 
age drop across the pg on Of the high side MOSFET, which 
eliminates an expensive current sense resistor. 


The LM2636 employs a fixed-frequency voltage mode PWM 
architecture. To provide a faster response to a large and fast 
load transient, two ultra-fast comparators are built in to moni- 
tor the output voltage and override the primary control loop 
when necessary. The PWM frequency is adjustable from 50 
kHz to 1 MHz through an external resistor. The wide range of 
PWM frequency gives the power supply designer the flexibil- 
ity to make trade-offs between load transient response per- 
formance, MOSFET cost and the overall efficiency. The 
adaptive non-overlapping MOSFET gate drivers help avoid 
any potential shoot-through problem while maintaining high 
efficiency. BiCMOS gate drivers with rail-to-rail swing ensure 
that no spurious turn-on occur. When only 5V is available, a 
bootstrap structure can be employed to accommodate an 
| NMOS high side switch. The precision reference trimmed to 


Typical Application 


5V 


PENTIUM II 


PROCESSOR 
CARTRIDGE 





LM2636 


N-FET LINEAR 
REGULATOR 
CONTROLLER 
(SUCH AS 


FREQ_ ADJ EA_OUT 


LM324 OP-AMP) 





Cy: Sanyo 10MV1200AX 
Coyt: Sanyo 10MV1200AX 


82k 


L,: Pulse Engineering P0736 820p 


Ly: Pulse Engineering P0737 
Q, and Q): IRL3103 
*: Place close to SENSE pin. 





2.5% over temperature is available externally for use by 
other regulators. Dynamic positioning of load voltage, which 
heips cut the number of output capacitors, can also be imple- 
mented easily. 


Features 


1.3V to 3.5V 5-bit programmable output voltage 
Synchronous rectification 

Power Good flag and output enable 
Over-voltage protection 

Initial Output Accuracy: 1.5% over temperature 
Current limit without external sense resistor 
Adaptive non-overlapping MOSFET gaie drives 
Adjustable switching frequency: 50 kHz to 1 MHz 
Dynamic output voltage positioning 

1.256V reference voltage available externally 
Plastic SO-20 package and TSSOP-20 package 


Applications 

mw Motherboard power supply/VRM for Cyrix Gxm, Cyrix 
Gxi, Cyrix Mil, Pentium™ Il, Pentium Pro, 6x86 and K6 
processors 

m 5V to 1.3V-—3.5V high current power supplies 


12V Ly 


2.5 yH, 10A 
“ 5V 


a 


Cy 


1200 py 
| x3 


Ly 
2 WH, 16A 


| RIMAX 


Q 


Vcore 
Cour 
a OF 


5.6k 


51  22n 0.1 p* 


DS100834-1 


FIGURE 1. 5V to 1.3V-3.5V, 14A Power Supply 
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Connection Diagrams 


TOP VIEW 


LSGATE 
BOOTV 
PGND 
SGND 


Voc 
SENSE 
IMAX 
IFB 


1 
2 
3 
4 
5 
6 
7 
8 
9 


VREF 
EA_OUT 


Oo 





DS100834-3 


Plastic SO-20 
Order Number LM2636M 
See NS Package Number M20B 


TOP VIEW 


LSGATE 
BOOTV 
PGND 
SGND 
Voc 
SENSE 
IMAX 
IFB 


oO ON OD OO eF WwW HS 


VREF 
EA_OUT 


10 





DS100834-3 


Plastic TSSOP-20 
Order Number LM2636MTC 
See NS Package Number MTC20 


Pin Descriptions 


LSGATE (Pin 1): Gate drive for the low-side N-channel 
MOSFET. This signal is interlocked with HSGATE (Pin 20) to 
avoid a shoot-through problem. 


BOOTV (Pin 2): Power supply for high-side N-channel 
MOSFET gate drive. The voltage should be at least one gate 
threshold above the converter input voltage to properly oper- 
ate the high-side N-FET. 


PGND (Pin 3): Ground for high current circuitry. It should be 
connected to system ground. 


SGND (Pin 4): Ground for signal level circuitry. It should be 
connected to system ground. 


Vec (Pin 5): Power supply for the controller. 


SENSE (Pin 6): Converter output voltage sensing. It pro- 
vides input for power good, fast dual comparator control 
loop, and over-voltage protection circuitry. It is recom- 
mended that a 0.1 uF capacitor be connected between this 
pin and ground to avoid potential noise problems. 


IMAX (Pin 7): Current limit threshold setting. It sinks a fixed 
180 yA current. By connecting a resistor between the high 
side MOSFET drain and this pin, a fixed voltage drop can be 
built across the resistor. This voltage drop is compared with 
the Vps of the high-side N-MOSFET to determine if an over- 
current condition has occurred. 


IFB (Pin 8): High-side N-MOSFET source voltage sensing. 
This pin is one Vpg below drain voltage. When this voltage is 
lower than that of IMAX pin during the time the high-side FET 
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is on, it means Vpg is higher than the preset voltage across 
the IMAX resistor, which can be interpreted as an over- 
current condition. 

Vrer (Pin 9): Bandgap reference voltage. This voltage is 
mainly for use by other power supplies on the motherboard 
which need a reference. - | 
EA_OUT (Pin 10): Output of the error amplifier. The voltage 
level on this pin is compared with an internally generated 
ramp signal to determine the duty cycle. This pin is neces- 
sary for compensating the primary control loop. 

FB (Pin 11): Inverting input of the error amplifier. A pin nec- 
essary for compensating the control loop. 

FREQ_ADJ (Pin 12): Switching frequency adjustment. 
Switching frequency can be adjusted by changing the 
grounding resistance on this pin. 

PWRGD (Pin 13): Power Good. There are two windows 
around the DAC output voltage that are associated with 
PWRGD pin, the +10% window and the +8% window. If 
PWRGD is initially high (open drain state) and output voltage 
travels out of +10% window, PWRGD goes to low (low im- 
pedance to ground). If PWRGD is initially low and output 
voltage travels into the +8% window and has stayed within 
the window for at least 10 ms, PWRGD goes to high. A 
PWRGD high means the output voltage is at least within the 
+10% window whereas a PWRGD low indicates the output 
voltage is definitely outside the +8% window. 

VID4:0 (Pins 14, 15, 16, 17, 18): Voltage Identification 
Code. The five pins accept an open-ground pattern 5-bit bi- 
nary code from outside the chip (typically from the CPU) for 
generating the desired output voltage. Each VID pin is inter- 
nally pulled up to Voc via a 90 WA current source. Table 7 
shows the code table. 

OUTEN (Pin 19): Output Enable. The output voltage is dis- 
abled when this pin is pulled low. It is internally pulled up to 
Voc via a 90 YA Current source. 

HSGATE (Pin 20): Gate drive for the high-side N-channel 
MOSFET. This signal is interlocked with LSGATE (Pin 1) to 
avoid a shoot-through problem. 


TABLE 1. VID Code and DAC Output 


ee 
eos ee ee ee ee 
po [it] io 
Poffo} ia 
pt fot is 
po{if i160 
PolTo}] ies 
pt pol, 1m 
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po fol 2 | 
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LM2636 


Pin Descriptions (Continued) 





Rated Output 
Voltage (V) 
(shutdown) 
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N N Ni o9 | 09 9) 


es 
a a od r boars Bare Tr ba TT re 
> H 
N 
Qo erie irie cr iyrirts 
2 | 
oO a lO el el el ed 
4 
> 
t 
a em prmpe pr p er pe pepe pe pre prep epee pe pte 


DO 





TABLE 1. VID Code and DAC Output (Continued) 
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LM2637 


National Semiconductor 


Motherboard Power Supply Solution with a 5- Bit 
Programmable Switching Controller and Two aimee 


Regulator Controllers 


General Description 


The LM2637 provides a comprehensive embedded power 
supply solution for motherboards hosting high performance 
MPUs such as M II™, Pentium™ Il, K6-2 and other similar 
high performance MPUs. The LM2637 incorporates a 5-bit 
programmable, synchronous buck switching controller and 
two high-speed linear regulator controllers in a 24-pin SO 
package. 


Switching Section — The switching regulator controller fea- 
tures a 65-bit programmable DAC, over-current and 
over-voltage protection, under-voltage latch-off, a power 
good signal, and output enable. The 5-bit DAC has a typical 
tolerance of 1%. There are two user-selectable over-current 
protection methods. One provides accurate over-current pro- 
tection with the use of an external sense resistor. The other 
saves cost by taking advantage of the Ips on of the 
high-side FET. The over voltage protection provides two lev- 
els of protection. The first level keeps the high-side FET off 
and the low-side FET on. The second provides a gate signal 
that can be used to fire an external SCR. 


Linear Section — The two linear regulator controllers fea- 
ture wide control bandwidth, N-FET and NPN transistor driv- 
ing capability, and an adjustable output voltage. The wide 
control bandwidth makes meeting fast load transient re- 
sponse requirement such as that of the GTL+ bus an easy 
job. In minimum configuration, the two controllers default to 
1.5V and 2.5V respectively. 


Pin Configuration 


Both linear controllers have under voltage latch-off. 


Features 

m Provides 3 regulated voltages 

m™ Power Good flag and output enable 

m Under-voltage latch-off 

Switching Section 

Synchronous rectification 

5-bit DAC programmable from 3.5V to 1.3V 
Typical 1% DAC tolerance — 

Switching frequency: 50 kHz to 1 MHz 
Two levels of over-voltage protection 

Two methods of over-current protection 
Adaptive non-overlapping FET gate drives 
Soft start without external capacitor 

Linear Section 

N-FET and NPN driving capability 

Ultra fast response speed 

Output voltages default to 1.5V and 2.5V yet adjustable 


Applications 

m Embedded power supplies for PC motherboards 
m Triple DC/DC power supplies 

m Programmable high current DC/DC power supply 


24-Lead SOIC 


LG 
PGND 
Yop 
SNS2 
G2 
SGND 
Yee 
SNS1 
CS+ 
cs- 
ovP 
FREQ 


11 
1 2 
3 
4 
5 
6 
7 
8 
9 
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Top View 
NS Package Number M24B 
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National Semiconductor 


LM2638 


Motherboard Power Supply Solution with a 5-Bit 
Programmable Switching Controller and Two Linear 


Regulator Controllers 


General Description 


The LM2638 provides a comprehensive embedded power 
supply solution for motherboards hosting high performance 
MPUs such as Pentium™ Il, M !I™, K6™-2 and other similar 
high performance MPUs. The LM2638 incorporates a 5-bit 
programmable, synchronous buck switching controller and 
two high-speed linear regulator controllers in a 24-pin SO 
package. In a typical application, the switching controller 
supplies the MPU core, and the linear regulator controllers 
supply the GTL+ bus and the clock or graphics chip core. A 
charge pump pin helps provide the necessary voltage to 
power the linear sections when 12V is shut off during system 
standby such as STR mode. 


Switching Section — The switching regulator controller fea- 
tures an Intel-compatible, 5-bit programmable output volt- 
age, over-current and over-voltage protection, a power good 
signal, and a logic-controlled output enable. There are two 
user-selectable over-current protection methods. One pro- 
vides accurate over-current protection with the use of an ex- 
ternal sense resistor. The other saves cost by taking advan- 
tage of the fps on Of the high-side FET. When there is an 
over voltage, the controller turns off the high side FET and 
turns on the low side. 


Linear Section — The two linear regulator controllers fea- 
ture wide control bandwidth, N-FET and NPN transistor driv- 
ing capability and an adjustable output. The wide control 
bandwidth makes meeting the GTL+ bus transient response 
requirement an easy job. In minimum configuration, the two 
controllers default to 1.5V and 1.25V respectively. 


Pin Configuration 


Both linear controllers have under voltage latch-off. 


Features 

m Provides 3 regulated voltages 

m Power Good flag and output enable 

m= Charge pump pin 

Switching Section 

Synchronous rectification 

5-bit DAC programmable down to 1.3V 
Typical +1% DAC tolerance 

Switching frequency: 50 kHz to 1 MHz 
Over-voltage protection 

Two methods of over-current protection 
Adaptive non-overlapping FET gate drives 
Soft start without external capacitor 
Linear Section 

m N-FET and NPN drive capability 

m Ultra fast response speed 

m Under voltage latch-off at 0.63V 

. 


Output voltages default to 1.5V and 2.5V yet adjustable 


Applications 


m™ Embedded power supplies for motherboards 


m Triple DC/DC power supplies 


m™ Programmable high current DC/DC power supply 


24-Lead SOIC 





DS101034-1 


Top View 
Order Number LM2638M 
See NS Package Number M24B 
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National Semiconductor 


LM2639 


5-Bit Programmable, High Frequency Multi-phase PW 


Controller 


General Description 


The LM2639 provides an attractive solution for power sup- 
plies of high power microprocessors (such as Pentium II™, 
M lI™, K6™-2, K6™-3, etc.) exhibiting ultra fast load tran- 
sients. Compared to a conventional single-phase supply, an 
LM2639 based multi-phase supply distributes the thermal 
and electrical loading among components in multiple phases 
and greatly reduces the corresponding stress in each com- 
ponent. The LM2639 can be programmed to control either a 
S-phase converter or a 4-phase converter. Phase shift 
among the phases is 120° in the case of three phase and 90° 
with four-phase. Because the power channels are out of 
phase, there can be significant ripple cancellation for both 
the input and output current, resulting in reduced input and 
output capacitor size. Due to the nominal operating fre- 
quency of 2 MHz per phase, the size of the output inductors 
can be greatly reduced which results in a much faster load 
transient response and a dramatically shrunk output capaci- 
tor bank. Microprocessor power supplies with all surface 
mount components can be easily built. . 


The internal high speed transconductance amplifier guaran- 
tees good dynamic performance. The output drive voltages 
can be adjusted through a resistor divider to control switch- 
ing loss in the external FETs. 

The internal master clock frequency of up to 8 MHz is set by 
an external reference resistor. An external clock of 10 MHz 
can also be usec to drive the chip to achieve frequency con- 
trol and multi-chip operation. 


Pin Configuration 


The LM2639 also provides input under-voltage lock-out with 
hysteresis and input over-current protection. 


Features 
Ultra fast load transient response 
Enables all surface-mount-design 
Selectable 2, 3, 4 phase operation 
Clock frequency from 40 kHz to 10 MHz 
Precision load current sharing 
5-bit programmable from 3.5V to 1.3V 
VID code compatible to VRM 8.X specification 
. Output voltage is 2.0V for VID code 11111 
Selectable internal or external clock 
Digital 16-step soft start 
Input under-voltage lock-out, over-current protection 


Applications 


m Servers and workstations 
@ High current, ultra-fast transient microprocessors 


24-Pin Plastic SOIC 





11 
2 Drv3 
13 Drv 
4 Vo 12V 
15 DrvO 
6 Drv2 
; LM2639 aes 
8 Enable 
FBG 
Bgout 
FB 
Comp 
DS101143-1 
Top View 


See NS Package Number M24B 


18-42 


Ov9OCW) 


National Semiconductor 


LM2640 
Dual Adjustable Step-Down Switching Power Supply 
Controller 


General Description Key Specifications 

96% efficient 

5.5 to 30V input range 

Dual outputs adjustable from 2.2 to 6V 
0.5% typical load regulation error 
0.002%/V typical line regulation error 


The LM2640 is a dual step-down power supply controller in- 
tended for application in notebook personal computers and 
other battery-powered equipment. 


Fixed-frequency synchronous drive of logic-level N-channel 
power MOSFETs is combined with an_ optional 
pulse-skipping mode to achieve ultra efficient power conver- 
sion over a 1000:1 load current range. The pulse-skipping Features 
mode can be disabled in favor of fixed-frequency operation 
regardless of the load current level. 


High DC gain and current-mode feedback control assure ex- 
cellent line and load regulation and a wide loop bandwidth 
for fast response to dynamic loads. 


An internal oscillator fixes the switching frequency at 
200 kHz. Optionally, switching can be synchronized to an ex- 
ternal clock running as fast as 400 kHz. 

An optional soft-start feature limits current surges from the 
input power supply at start up and provides a simple means 
of start-up Sequencing. 

Logic-level inputs allow the controllers to be turned ON and 
OFF separately. 


m 200 kHz fixed-frequency switching 

m Switching synchronization with an external signal up to 
400 kHz 

m Optional pulse-skipping mode 

m Adjustable secondary feedback 

m Input undervoltage lockout 

= Output undervoltage shutdown protection 

m™ Output overvoltage shutdown protection 

m Programmable soft-start (each controller) 

m 5V, 50 mA linear regulator output 

m Precision 2.5V reference output 

m@ 28-pin TSSOP 


Applications 


™ Notebook and subnotebook computers 
m Wireless data terminals 
m™ Battery-powered instruments 


Connection Diagram and Ordering Information 


28-Lead TSSOP (MTC) 


CSH2 
FB2 

COMP2 

$S2 
ON/OFF 2 

SD 

SYNC 

GND 

REF 
2NDFB/FPWM 
ON/OFF 1 
SS1 

COMP 1 

FBI 


CSL2 
HDRV2 
SW2 
CBOOT2 
LDRV2 
IN 

LIN 
CSL1 
PGND 
LDRV 1 
CBOOT 1 
Swi 
HDRV 1 
CSH1 





1 
2 
3 
yi 
5 
6 
7 
8 
9 





DS100148-1 


Top View 
Order Number LM2640MTC-ADJ 
See NS Package Number MTC28 
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LM2640 


Pin Descr iption (Refer to Typical Application Circuits) 


1 CSH2 
2 FB2 


COMP2 


.¢¥) 


oO1 
fe) 
< 
fe) 
2) 
m 
NO 


10 2NDFB/FPWM 


11 ON/OFF 1 

2 [ssi 
13 COMP1 

14 FB1 

: 
16 HDRV1 

17 
18 CBOOT1 

19 LDRV1 

20 | PGND 
21 CSL1 

292 LIN 


24 LDRV2 

25 CBOOT2 
We 

27 HDRV2 

28 CSL2 
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Function 


The sense point for the positive side of the voltage across the current sense resistor (R13) 
placed in series with output #2. 


The regulated output voltage appearing at output #2 is sensed using this pin by connecting it to 
the center of the output resistive divider (R15 and R16). 


An R-C network made up of R11, C10, and C12 is connected to this pin which provides loop 
compensation for regulated output #2. 


This provides programmable soft-start for the #2 output along with capacitor C15. 
This pin turns off only output #2. 


The part can be put into “sleep” mode using this pin, where both outputs are off and the internal 
chip functions are shut down. 


The internal oscillator may be synchronized to an external clock via this pin. 
Connect this pin to circuit Signal Ground. 


Internal 2.5V reference voltage. This voltage is turned off by the SD pin, but remains on if either 
or both ON/OFF pins are pulled low, which turns off the regulated output(s). 


A 12V supply can be generated using an auxiliary winding on the 5V output inductor. Feedback 
to control this 12V output is brought in through this pin. If the 12V supply is not required, this 
pin can also force the chip to operate at fixed frequency at light loads by pulling the pin low 
(this is the “forced-PWM” mode of operation). This will prevent the converter from operating in 
pulse-skipping mode. 

This pin turns off only output #1. 

This provides programmable soft-start for the #1 output along with capacitor C3. 


An R-C network made up of R6, C5, and C7 is connected to this pin which provides loop 
compensation for regulated output #1. 


The regulated output voltage appearing at output #1 is sensed using this pin by connecting it to 
the center of the output resistive divider (R1 and R2). 


The sense point for the positive side of the voltage across the current sense resistor (R4) 
placed in series with output #1. 


The drive for the gate of the high-side switching FET used for output #1. 

This is the switching output drive point of the two power FETs which produce output #1. 

The bootstrap capacitor (C8) for output #1 is returned to this point. 

The drive for the gate of the low-side switching FET (synchronous rectifier) used for output #1. 
Connect this pin to circuit Power Ground. 


The sense point for the negative side of the voltage across the current sense resistor (R4) 
placed in series with output #1. 


This pin provides a low-current (50 mA max) 5V output. This output is always on, and can not | 
be turned off by either the SD or ON/OFF pins. 


This is the connection for the main input power. 

The drive for the gate of the low-side switching FET (synchronous rectifier) used for output #2. 
The bootstrap capacitor (C9) for output #2 is returned to this point. 

This is the switching output drive point of the two power FETs which produce output #2. 

The drive for the gate of the high-side switching FET used for output #2. 


The sense point for the negative side of the voltage across the current sense resistor (R13) 
placed in series with output #2. 
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VIN 
NDS8410A NDS8410A OUTPUT #2 
(2 PL.) (2 PL.) 
OUTPUT #1 IN eae 
5V, 3A (Note) (Note) 
HDRV1 HDRV2 
Rt 25 mo, PE-53652 an las | | PE-53652 20 ma 
30.1 A CBOOT!  CBOOT2 
i R13 
R2 
10ka LDRV 1 LDRV2 
1% PWR 
GND PGND 
CSH1 CSH2 
CSL1 CSL2 
FBI FB2 
———— 
OUTPUT ce 
5V, 25mA 
9.5V ON/OFF2 
SD 
SYNC ON/OFF 1 
SS2 ae 
Na COMP2 ce 
ar cio 5 8.2ko C15 
: | 
2200 pF 0.047 pF 
Soo C12 
i] 
DS100148-3 


Note: Alternate recommended inductor is Sumida CDRH-125-100MC. If this inductor is used, R6 should be changed to 3.3k and Ri1 should be 5.1k. 
FIGURE 1. Application With 5V/3A and 3.3V/4A Outputs 
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NDS8410A OUTPUT #2 
COILTRONICS rf (2 PL.) 3.3V, 4A 
CTX03-12758 
HDRV1 HDRV2 
Rt PE-53652 20ma 
30.1kO CBOOT!  CBOOT2 
ee R13 
Swi sw2 
R2 
10ka LDRV1 LDRV2 
1% PWR 
LM2640 GND 
PGND 
CSH1 CSH2 Po 
CSL4 CSL2 , 
2NDFB/FPWM FB2 
FBI 
_ 5 aes 
ON/OFF2 ON/OFF2 
_ [6 — 
SD SD 
ee tr es 
sync. ON/OFF ON/OFF 4 
4 
SS1 Ss2 
; R11 
- COMP 1 COMP2 
ne 1 8.2ka 
4.7 pF ONG bas 2 C15 
PaOO PE 0.047 pF 
cee C12 
a 
DS100148-4 


FIGURE 2. Application With 5V/3A, 3.3V/4A, and 12V/0.3A Outputs 
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LM2641 


National Semiconductor 


Dual Adjustable Step-Down Switching Power Supply 


Controller 


General Description 


The LM2641 is a dual step-down power supply controller in- 
tended for application in notebook personal computers and 
other battery-powered equipment. 


Fixed-frequency synchronous drive of logic-level N-channel 
power MOSFETs is combined with an_ optional 
pulse-skipping mode to achieve ultra efficient power conver- 
sion over a 1000:1 load current range. The pulse-skipping 
mode can be disabled in favor of fixed-frequency operation 
regardless of the load current level. 


High DC gain and current-mode feedback control assure ex- 
cellent line and load regulation and a wide loop bandwidth 
for fast response to dynamic loads. 


An internal oscillator fixes the switching frequency at 
300 kHz. Optionally, switching can be synchronized to an ex- 
ternal clock running as fast as 400 kHz. 

An optional soft-start feature limits current surges from the 
input power supply at start up and provides a simple means 
of start-up sequencing. 


Logic-level inputs allow the controllers to be turned ON and 
OFF separately. 


Key Specifications 
m 96% efficient 
m 5.5 to 30V input range 


= Dual outputs adjustable from 2.2 to 8V 


m 0.5% typical load regulation error 


m 0.002%/V typical line regulation error 


Features 
m@ 300 kHz fixed-frequency switching 


@ Switching synchronization with an external signal up to 


400 kHz 

Optional pulse-skipping mode 
Adjustable secondary feedback 
Input undervoltage lockout 


" 
VT] 

m 

m Output undervoltage shutdown protection 
m Output overvoltage shutdown protection 
= Programmable soft-start (each controller) 
= 
= 


5V, 50 mA linear regulator output 
Precision 2.5V reference output 
28-pin TSSOP 


Applications 


m Notebook and subnotebook computers 


m Wireless data terminals 
m= Battery-powered instruments 


Connection Diagram and Ordering Information 


28-Lead TSSOP (MTC) 


CSH2 
FB2 

COMP2 

S$S2 
ON/OFF 2 

SD 

SYNC 

GND 

REF 
2NDFB/FPWM 
ON/OFF 1 
SS1 

COMP 1 

FBI 


1 

2 
3 
4 
5 
6 
7 
8 
9 


= 
So 





DS100949-1 


Top View 
Order Number LM2641MTC-ADJ 
See NS Package Number MTC28 
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LM2641 


Pin Description (Refer to Typical Application Circuits) 


1 CSH2 
2 FB2 





3 COMP2 


5 ON/OFF2 


iN 
ep) 1 
% 
O 


6 SD 
SYNC 


) REF 





10 2NDFB/FPWM 


14 ON/OFF 1 
12 $S1 

13 COMP'1 
14 FB1 


. 
i 
17 SW1 

20 
" 


22 LIN 


24 
28 
26 
zr 
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Function 


The sense point for the positive side of the voltage across the current sense resistor (R13) 
placed in series with output #2. 


The regulated output voltage appearing at output #2 is sensed using this pin by connecting it to 
the center of the output resistive divider (R15 and R16). 


An R-C network made up of R11, C10, and C12 is connected to this pin which provides loop 
compensation for regulated output #2. 


This provides programmable soft-start for the #2 output along with capacitor C15. 

This pin turns off only output #2. 

The part can be put into “sleep” mode using this pin, where both outputs are off and the internal 
chip functions are shut down. : j 

The internal oscillator may be synchronized to an external clock via this pin. 

Connect this pin to circuit Signal Ground. 

Internal 2.5V reference voltage. This voltage is turned off by the SD pin, but remains on if either 
or both ON/OFF pins are pulled low, which turns off the regulated output(s). 

A 12V supply can be generated using an auxiliary winding on the 5V output inductor. Feedback 
to control this 12V output is brought in through this pin. If the 12V supply is not required, this 
pin can also force the chip to operate at fixed frequency at light loads by pulling the pin low 
(this is the “forced-PWM” mode of operation). This will prevent the converter from operating in 
pulse-skipping mode. 

This pin turns off only output #1. 


This provides programmable soft-start for the #1 output along with capacitor C3. 


An R-C network made up of R6, C5, and C7 is connected to this pin which provides loop 
compensation for regulated output #1. 


The regulated output voltage appearing at output #1 is sensed using this pin by connecting it to 
the center of the output resistive divider (R1 and R2). | 


The sense point for the positive side of the voltage across the current sense resistor (R4) 
placed in series with output #1. 


The drive for the gate of the high-side switching FET used for output #1. 

This is the switching output drive point of the two power FETs which produce output #1. 

The bootstrap capacitor (C8) for output #1 is returned to this point. 

The drive for the gate of the low-side switching FET (synchronous rectifier) used for output #1. 
Connect this pin to circuit Power Ground. 


The sense point for the negative side of the voltage across the current sense resistor (R4) 
placed in series with output #1. 


This pin provides a low-current (50 mA max) 5V output. This output is always on, and can not 
be turned off by either the SD or ON/OFF pins. 


This is the connection for the main input power. 
The drive for the gate of the low-side switching FET (synchronous rectifier) used for output #2. 
The bootstrap capacitor (C9) for output #2 is returned to this point. 

This is the switching output drive point of the two power FETs which produce output #2. 
The drive for the gate of the high-side switching FET used for output #2. 


The sense point for the negative side of the voltage across the current sense resistor (R13) 
placed in series with output #2. 
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NDS8410A NDS8410A OUTPUT #2 
(2 PL.) 3.3V, 4A 
SUMIDA HDRV1 HDRV2 SUMIDA 
R1 25m CDRH127 g_ | das fas | Led CDRH127.—- 20 ma 
30.1 . CBOOT1  CBOOT2 
Swi sW2 
R2 
10kn LDRV1 LDRV2 
ve PWR 
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PGND 
CSL1 CSL2 
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10 
2NDFB/FPWM F PWM 
ACE: ACC 
ds aan = 
SD SD 
se = 
SYNC ON/OFF 1 ON/OFF 1 
SS1 Ss2 
R17 
. COMP 1 COMP2 2M0 
C17 i 
4.7 pF Cio 3 6.2k 
1000 pF ! 
S22 012 
| 
DS100949-3 


FIGURE 1. Application With 5V/3A and 3.3V/4A Outputs 
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12V, 300MA : 
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1 37.9ko 
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eh CBOOT1 CBOOT2 
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sW1 sw2 
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2.5V - = 
—_ iat ae 
SYNC sync ON/OFF 1 ON/OFF 1 
4 
SS1 S82 
3 Ril 
és COMP 1 COMP2 
ae F 62ka 
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FIGURE 2. Application With 5V/3A, 3.3V/4A, and 12V/0.3A Outputs 
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Synchronous Step-Down DC/DC Converter 
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General Description Features 
The LM2650 is a step-down DC/DC converter featuring high ™ Ultra high efficiencies (95% possible) 
efficiency over a 3A to milliamperes load range. This feature High efficiency over a 3A to milliamperes load range 
makes the LM2650 an ideal fit in battery-powered applica- = Synchronous switching of internal NMOS power FETs 
tions that demand long battery life in both run and standby — Wide input voltage range (4.5V to 18V) 
modes. m Output voltage adjustable from 1.5V to 16V 
The LM2650 also features a logic-controlled shutdown mode ~—sm_ Automatic low-power sleep mode 
in which it draws at most 25yA from the input power supply. Logic-controlled micropower shutdown (Igsp < 25 HA) 
The LM2650 employs a fixed-frequency pulse-width modula- = ~Frequency adjustable up to 300 kHz 
a ett and ee bela Paes a = Frequency synchronization with external signal 
igh efficiencies. In many applications, efficiencies reac 
o5% for loads around a andiesesod 90% for moderate to 5 EOgramiieble eoteat 
heavy loads from 0.2A to 2A. m@ Short-circuit current limiting 
A low-power hysteretic or “sleep” mode keeps efficiencies = eter EGOwn 
@ Available in 24-lead Small-Outline package 


high at light loads. The LM2650 enters and exits sleep mode 
automatically as the load crosses “sleep in” and “sleep out” 


thresholds. The LM2650 provides nodes for programming Applications 

both thresholds via external resistors. A logic input allows the —=™ Notebook and palmtop personal computers 
user to override the automatic sleep feature and keep the Portable data terminals 

LM2650 in PWM mode regardless of the load level. m™ Modems 

An optional soft-start feature limits current surges from the = Portable Instruments 

input power supply at start up and provides a simple means —sg_ Giobal positioning devices (GPSs) 

of sequencing multiple power supplies. = Battery-powered digital devices 


Typical Application 


Vin 
10V-16.8V 
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Converting a Four-Cell Li lon Battery to 5V 
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Connection Diagram 


SUB SLEEP IN ADJ 
SLEEP LOGIC SLEEP OUT ADJ 
PGND SD 
PGND SYNC 
SW FREQ ADJ 
PV ae V 
IN LM2650 IN 
PVin GND 
sw — ss 
PGND EA OUT 
PGND COMP 
BOOT Wea 
SUB FB 





DS012848-14 


Top View 
24-Lead Small Outline Package (M) 
Order Number LM2650M-ADJ 
See Package Number M24B 


Pin Descr iptions (Refer to the Block Diagrams) 


Pins Description 


1,12 SUB: These pins make giectical contact with the substrate of the die. Ground them. For best thermal 
performance, ground them to the same large, uninterrupted copper plane as the PGND pins. 
2 SLEEP LOGIC: Use this logic input to select the conversion mode; low selects PWM, high selects sleep, and 


high impedance (open) permits the LM2650 to move freely and automatically between the modes, using PWM 
for moderate to heavy loads and sleep for light loads. 


3, 4, 9, 10 PGND: The ground return of the power stage. The power stage consists of the two power switches 5a and 
Q2, the gate drivers DH and DL, and the linear voltage regulators VRegH and VRegL. For best electrical and 
thermal performance, ground these pins to a large, uninterrupted copper plane. 

5,8 SW: The output node of the power stage. It swings from slightly below ground to slightly below the voltage to 
PV,xy.- TO minimize the effects of switching noise on nearby circuitry, keep all traces originating from SW short 
and to the point. Route all traces carrying signals well away from the SW traces. 


6,7 PVin: The positive supply rail of the power stage. Bypass each PV,,, pin to PGND with a 0.1 uF capacitor. Use 
capacitors having low ESL and low ESR, and locate them close to the IC. 
11 BOOT: The positive supply rail of the high-side gate driver DH. Connect a 0.1 uF capacitor from this node to 


SW. Bootstrapping action creates a supply rail about 9V above that at PV,,,, and DH uses this rail to override 
the gate of the NMOS power FET Q1. Overriding ensures low Rogyon). 


13 FB: The feedback input. 

14 Vpp: An internal regulator steps the input voltage down to a 4V rail used by the signal-level circuitry. Vpp is the 
output node of this regulator. Bypass Vpp to GND close to the IC with a 0.2 uF capacitor. 

15 COMP: The inverting input of the error amplifier EA. 

16 EA OUT: The output node of the error amplifier EA. 

17 SS: The soft start node. Connect a capacitor from SS to GND. 

18 GND: The ground return of the signal-level circuitry. 

19 Vin: The positive supply rail of the internal 4V regulator. Bypass V,, to GND close to the IC with a 0.1 UF 
capacitor. 

20 FREQ ADJ: The LM2650 switches at a nominal 90 kHz. Connect a resistor between FREQ ADJ and GND to 


adjust the frequency up from the nominal. Use the graph under Typical performance Characteristics to select 
the resistor. 

21 SYNC: The synchronization input. If the switching frequency is to be synchronized with an external clock 
signal, apply the clock signal here. 


22 SD: Use this logic input to control shutdown; pull low for operation, high for shutdown. 

23 SLEEP OUT ADJ (SOA): The value of the resistor connected between SIA and ground programs the sleep-in 
threshold. Higher values program lower thresholds. 

24 SLEEP IN ADJ (SIA): The value of the resistor connected between SIA and ground programs the sleep-in 


threshold. Higher values program lower thresholds. 
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AY vational Semiconductor 


LM2651 
1.5A High Efficiency Synchronous Switching Regulator 


General Description Features 


The LM2651 switching regulator provides high efficiency Ultra high efficiency up to 97% 
power conversion over a 100:1 load range (1.5A to 15mA). High efficiency over a 1.5A to milliamperes load range 
This feature makes the LM2651 an_ ideal fit in AV to 14V input voltage range 
battery-powered applications that demand long battery life in 1.8V, 2.5V, 3.3V, or ADJ output voltage 
both run and standby modes. Internal MOSFET switch with low Rogyon) of 75mQ 
Synchronous rectification is used to achieve up to 97% effi- 300kHz fixed frequency internal oscillator 
ciency. At light loads, the LM2651 enters a low power hyster- 7A shutdown current 
etic or “sleep” mode to keep the efficiency high. In many ap- 
plications, the efficiency still exceeds 80% 15mA bed A patenied currepiscneing tor client moo, contre! 
shutdown pin is available to disable the LM2651 and reduce np HNGemNeHAge: eeKout 
the supply current to less than 10uA. Adjustable soft-start 
The LM2651 contains a patented current sensing circuitry for Current limit and thermal shutdown 
current mode control. This feature eliminates the external 16-pin TSSOP package 
current sensing resistor required by other current-mode . . 
DC-DC converters. Applications 
The LM2651 has a 300 kHz fixed frequency internal oscilla- | ™ Personal digital assistants (PDAs) 
tor. The high oscillator frequency allows the use of extremely ™ Computer peripherals 
small, low profile components. ™ Battery-powered devices 
|_| 
|_| 


A programmable soft-start feature limits current surges from Handheld scanners 

the input power supply at start up and provides a simple High efficiency 5V conversion 
means of sequencing multiple power supplies. 

Other protection features include input undervoltage lockout, 

current limiting, and thermal shutdown. 


Typical Application 


Efficiency vs Load Current 
(Vin = 5V, Vour = 3.3V) 


a 
eae IN] 


Vin= SV 














4,7nF 0.01 0.1 1 2 








3.3V, 1.5A 


O 
199] 
Efficiency (%) 
~~ 
ont 






U1, 22yH 






SW 






ues F 
SD(Ss) : 


PGND AGND 





Load Current (A) 
DS100925-1 DS100925-15 
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LM2651 


Connection Diagram 


16-Lead TSSOP (MTC) 


1 
2 
3 
4 
5 
6 
7 
8 





DS100925-2 


Ordering Information | 


Part Number 
- : - - —— NSC Package 
Vout Supplied as 94 Units, Rail Supplied as 2.5k Units, Tape Package Type Drawing 
and Reel 


1.8 LM2651MTC-1.8 LM2651MTCX-1.8 | 
2.5 LM2651MTC-2.5 LM2651MTCX-2.5 

TSSOP-16 MTC16 
3.3 LM2651MTC-3.3 LM2651MTCX-3.3 , 


ADJ LM2651MTC-ADJ 


LM2651MTCX-ADJ 


Pin Description 


Pin | = Name | Function 
1,2 SW Switched-node connection, which is connected with the source of the internal high-side 
MOSFET. 
3-5 Main power supply pin. 
6 VCB Bootstrap capacitor connection for high-side gate drive. 
7 AVIN Input supply voltage for control and driver circuits. 


Shutdown control input, active low. This pin can also function as soft-start control pin. A 


SD(SS) 
capacitor connected from this pin to ground sets the ramp time to full current output. 


© 


9 FB | Output voltage feedback input. Connected to the output voltage. 
10 Compensation network connection. Connected to the output of the voltage error 
amplifier. 
11 No internal connection. 
12-13 Low-noise analog ground. 
14-16 Power ground. 
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AY national Semiconductor 


LM2653 


SOC 


1.5A High Efficiency Synchronous Switching Regulator 


General Description 


The LM2653 switching regulator provides high efficient 
power conversion over a 100:1 load range (1.5A to 15 mA). 
This feature makes the LM2653 an ideal fit in 
battery-powered applications. 


Synchronous rectification is used to achieve up to 97% effi- 
ciency. At light loads, the LM2653 enters a low power hyster- 
etic or “sleep” mode to keep the efficiency high. In many ap- 
plications, the efficiency still exceeds 80% at 15 mA load. A 
shutdown pin is available to disable the LM2653 and reduce 
the supply current to 7pA. 


All the power, control, and drive functions are integrated 
within the ICs. The ICs contain patented current sensing cir- 
cuity for current mode control. This feature eliminates the ex- 
ternal current sensing resistor required by other 
current-mode DC-DC converters. 

The ICs have a 300 kHz fixed frequency internal oscillator. 
The high oscillator frequency allows the use of extremely 
small, low profile components. 


Protection features include thermal shutdown, input under- 
voltage lockout, adjustable soft-start, cycle by cycle current 
limit, output overvoltage and undervoltage protections. 


Features 
m Efficiency up to 97% 


Typical Application 


C 
Rp 


B 
Delay 
30k 
fer) 0.1 pF 14 


Viy (4V to 12V) 22 pH 





100 pF COMP AGND ail 
4.7 nF 
R 
Cco2 = 15k 
Cine 100 pF Cot 
0.1 uF 2.2 nF 


DS101049-30 


Vout 
@ 


if Ma bag CTS 
Sic. | a09— fon ati 


cs? 
= 
Efficiency (%) 


AV to 14V input voltage range 

1.5V to 5.0V adjustable output voltage 
0.122 Switch On Resistance 

300 kHz fixed frequency internal oscillator 
7 vA shutdown current 

Patented current sensing for current mode control 
Input undervoltage lockout 

Output overvoltage shutdown protection 
Output undervoltage shutdown protection 
Adjustable soft-start 

Adjustable PGOOD delay 

Current limit and thermal shutdown 


Applications 

m Webpad 

m= Personal digital assistants (PDAs) 
= Computer peripherals 

= Battery-powered devices 

m Notebook computer video supply 
= Handheld scanners 

m= GXM |/O and core voltage 

m High efficiency 5V conversion 


Efficiency vs Load Current 
(Vin = 5V, Vour = 3.3V) 


ABET le 
PL ET 





Load Current (A) 
DS101049-2 
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LM2655 


National Semiconductor 


/-LM2655 


2.5A High Efficiency Synchronous Switching Regulator 


General Description Features 


The LM2655 is a current-mode controlled PWM step-down __—‘'@ Ultra-high efficiency up to 96% 
switching regulator. It has the unique ability to operate in | 4V to 14V input voltage range 


synchronous or asynchronous mode. This gives the de- 
signer flexibility to choose between the high efficiency of 
synchronous operation, or the low solution cost of asynchro- 
nous operation. Along with flexibility, the LM2655 offers. high 
| power density with the small footprint of a TSSOP-16 pack- 


age. 


High efficiency (>90%) is obtained through the use of an in- 
ternal low ON-resistance (88mMQ) MOSFET, and an external 
N-Channel MOSFET. This feature, together with its low qui- 
escent current, makes the LM2655 an ideal fit in portable ap- 


plications. 


Integrated in the LM2655 are all the power, control, and drive 


Internal high-side MOSFET with low Rogony = 0.033Q 
300 kHz fixed frequency internal oscillator 
Low-side drive for synchronous operation 
Guaranteed less than 12 yA shutdown current 
Patented current sensing for current mode control 
Programmable soft-start 

Input undervoltage lockout 

Output overvoltage shutdown protection 

Output undervoltage shutdown protection 
Thermal Shutdown 

16-pin TSSOP package. 


functions for asynchronous operation. In addition, a low-side : : 
driver output allows easy synchronous operation. The IC Applications 
uses patented current sensing circuitry that eliminates the sg pard disk drives 


external current sensing resistor required by other current- 
mode DC-DC converters. A programmable soft-start feature 
limits start up current surges and provides a means of se- 


m Internet appliances 
= TFT monitors 


quencing multiple power supplies. = Computer peripherals 


m Battery powered devices | 


Typical Application 
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Connection Diagram 


Block Diagram 


COMP 
| 


Trimming 






16-Lead TSSOP (MTC) 


SW PVin 
SW PVin 
PVN PViN 
PV GND 
PVin LOR 
VCB LDELAY 
AVin COMP 
SD(SS) FB 





DS101284-3 


Top View 
Order Number LM2655MTC-ADJ 
See NS Package Number MTC16 


AVN 


| 
Internal Supply 








Undervoltage 
Lockout 


Oscillator 

















95% Duty 
Cycle Limit 























SS9OCWT 


PVin 






Load 


Current 
Measurement 
& CBOOT 










= Compensation 
si Ramp fl ll ll am 
Error 
Amp UVLO Reset High Side 
Driver 
A SW 
PWM Logic | 
.7 Comparator few Side ae 
Bandgap V HM LOCK SD Thermal SD Driver 
veltege Softstart 
Reference 
Over Temp. 
Sense 
Shutdown 0 
80% BG Ref 110% BG Ref : Comparator 
Hysteretic GND 
LDELAY Comparator 
| 
| 
SD (SS) 
Shutdown 
Protection 
DS101284-4 
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LM2655 


Pin Description 


x5 
6 Vos 
7 
8 SD(SS) 
: 
10 COMP 
12 
13 GND 


Ordering Information 





— Function 
Switched-node connection, which is connected to the source of the internal high-side 
MOSFET. 
Main power supply input pin. Connected to the drain of the internal high-side MOSFET. 
Bootstrap capacitor connection for high-side gate drive. 
Input voltage for control and drive circuits. 
Shutdown control input, active low. This pin can also function as soft-start control pin. 
Connect a capacitor from this pin to ground. 
Output voltage feedback input. Connected to the output voltage. 
Compensation network connection. Connected to the output of the voltage error 
amplifier. 
A capacitor between this pin to ground sets the delay from when the output voltage 
reaches 80% of its nominal to when the undervoltage latch protection is enabled. 
Low-side FET gate drive pin. 
Power ground. 
Main power supply input pin. Connected to the drain of the internal high-side MOSFET. 





Supplied as 1000 units Supplied as 3000 units, 
Tape and Reel Tape and Reel 


LM2655MTC-3.3 LM2655MTCX-3.3 


LM2655MTC-ADJ LM2655MTCX-ADJ 
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National Semiconductor 


LM2670 


SIMPLE SWITCHER® High Efficiency 3A Step-Down 


Voltage Regulator with Sync 


General Description 


The LM2670 series of regulators are monolithic integrated 
circuits which provide all of the active functions for a 
step-down (buck) switching regulator capable of driving up to 
3A loads with excellent line and load regulation characteris- 
tics. High efficiency (>90%) is obtained through the use of a 
low ON-resistance DMOS power switch. The series consists 
of fixed output voltages of 3.3V, 5V and 12V and an adjust- 
able output version. 


The SIMPLE SWITCHER concept provides for a complete 
design using a minimum number of external components. 
The switching clock frequency can be provided by an inter- 
nal fixed frequency oscillator (260KHz) or from an externally 
provided clock in the range of 280KHz to 400Khz which al- 
lows the use of physically smaller sized components. A fam- 
ily of standard inductors for use with the LM2670 are avail- 
able from several manufacturers to greatly simplify the 
design process. The external Sync clock provides direct and 
precise control of the output ripple frequency for consistent 
filtering or frequency spectrum positioning. 

The LM2670 series also has built in thermal shutdown, cur- 
rent limiting and an ON/OFF control input that can power 
down the regulator to a low 50uA quiescent current standby 
condition. The output voltage is guaranteed to a +2% toler- 
ance. 


Typical Application 


Input 
Voltage © 
8V to 40V 


2x15 pF/50V 


Optional External O— aa 
p 


Syne Clock 
(280 kHz to 400 kHz) 


Features 
m Efficiency up to 94% 


m= Simple and easy to design with (using off-the-shelf 


external components) 


@ 150 mQ DMOS output switch 
@ 3.3V, 5V and 12V fixed output and adjustable (1.2V to 


37V ) versions 


conditions 


Applications 


50yuA standby current when switched OFF 
+2% maximum output tolerance over full line and load 


Wide input voltage range: 8V to 40V 
External Sync clock capability (280KHz to 400KHz) 
260 KHz fixed frequency internal oscillator 

-40 to +125°C operating junction temperature range 


m Simple to design, high efficiency (>90%) step-down 


switching regulators 


m Efficient system pre-regulator for linear voltage 


regulators 
m™ Battery chargers 


™ Communications and radio equipment regulator with 
synchronized clock frequency 
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Output 
O Voltage 
5V/3A 


180 wF/16V 


DS100942-3 
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LM2670 


Connection Diagram and Ordering Information 
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TO-263 Package 
Top View 


1717 ON/OFF 

TT] 6 FEEDBACK 

7115 SYNC 

TT] 4 GROUND 

[TT] 3 C BOOST 

TT) 2 INPUT 

[TTI 1 SWITCH OUTPUT 
DS100942-1 








Order Number © 
LM2670S-3.3, LM2670S-5.0, 
LM2670S-12 or LM2670S-ADJ 
See NSC Package Number TS7B 


TO-220 Package 
Top View 


TTI 7 ON/OFF 

P16 FEEDBACK 

ot 5 SY NG 

Pll] 4 GROUND 

Ir) 3 C BOOST 

Ll 2 INPUT 

1 SWITCH OUTPUT 
DS100942-2 










Order Number 
LM2670T-3.3, LM2670T-5.0, 
LM2670T-12 or LM2670T-ADJ 
See NSC Package Number TA07B 
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LM2671 


National Semiconductor 


| SIMPLE SWITCHER® Power Converter High Efficiency 
500mA Step-Down Voltage Regulator with Features 


General Description 


Tne LM2671 series of regulators are monolithic integrated 
circuits built with a LMDMOS process. These regulators pro- 
vide all the active functions for a step-down (buck) switching 
regulator, capable of driving a 500mA load current with ex- 
cellent line and load regulation. These devices are available 
in fixed output voltages of 3.3V, 5.0V, 12V, and an adjustable 
output version. 


Requiring a minimum number of external components, these 
regulators are simple to use and include patented internal 
frequency compensation (Patent Nos. 5,382,918 and 
5,514,947), fixed frequency oscillator, external shutdown, 
soft-start, and frequency synchronization. 


The LM2671 series operates at a switching frequency of 
260 kHz, thus allowing smaller sized filter components than 
what would be needed with lower frequency switching regu- 
lators. Because of its very high efficiency (>90%), the cop- 
per traces on the printed circuit board are the only heat sink- 
ing needed. 


A family of standard inductors for use with the LM2671 are 
available from several different manufacturers. This feature 
greatly simplifies the design of switch-mode power supplies 
using these advanced ICs. Also included in the datasheet 
are selector guides for diodes and capacitors designed to 
work in switch-mode power supplies. 


Other features include a guaranteed +1.5% tolerance on 
output voltage within specified input voltages and output 
load conditions, and +10% on the oscillator frequency. Ex- 
ternal shutdown is included, featuring typically 50 pA 
stand-by current. The output switch includes current limiting, 
as well as thermal shutdown for full protection under fault 
conditions. 


To simplify the LM2671 buck regulator design procedure, 
there exists computer design software, LM267X Made 
Simple (version 6.0). 


Features 

w Efficiency up to 96% 

m Available in SO-8 and 8-pin DIP packages 

= Computer Design Software LM267X Made Simple 
(version 6.0) 

Simple and easy to design with 

Requires only 5 external components 

Uses readily available standard inductors 

3.3V, 5.0V, 12V, and adjustable output versions 
Adjustable version output voltage range: 1.21V to 37V 
+1.5% max output voltage tolerance over line and load 
conditions 

m Guaranteed 500mA output load current 

@ 0.25Q DMOS Output Switch 

m Wide input voltage range: 8V to 40V 

m™ 260 kHz fixed frequency internal oscillator 

= 

| 

a 


TTL shutdown capability, low power standby mode 
Soft-start and frequency synchronization 
Thermal shutdown and current limit protection 


Typical Applications 

m Simple High Efficiency (>90%) Step-Down (Buck) 
Regulator 

m Efficient Pre-Regulator for Linear Regulators 


Typical Application (Fixed Output Voltage Versions) 










SS: -SYNG *FB 





Vin LM2671-5.0 


BV to 40V 


Gy + ON/OFF 
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AY vational Semiconductor 


SIMPLE SWITCHER® Power Converter High Efficiency 
1A Step-Down Voltage Regulator with Features 


General Description 


The LM2672 series of regulators are monolithic integrated 
circuits built with a LMDMOS process. These regulators pro- 
vide all the active functions for a step-down (buck) switching 
regulator, capable of driving a 1A load current with excellent 


| line and load regulation. These devices are available in fixed 


output voltages of 3.3V, 5.0V, 12V, and an adjustable output 
version. 

Requiring a minimum number of external components, these 
regulators are simple to use and include patented internal 


| frequency compensation (Patent Nos. 5,382,918 and 


5,514,947), fixed frequency oscillator, external shutdown, 
soft-start, and frequency synchronization. 


The LM2672 series operates at a switching frequency of 
260 kHz, thus allowing smaller sized filter components than 
what would be needed with lower frequency switching regu- 
lators. Because of its very high efficiency (>90%), the cop- 
per traces on the printed circuit board are the only heat sink- 
ing needed. | 


A family of standard inductors for use with the LM2672 are 
available from several different manufacturers. This feature 
greatly simplifies the design of switch-mode power supplies 
using these advanced ICs. Also included in the datasheet 
are selector guides for diodes and capacitors designed to 
work in switch-mode power supplies. 


Other features include a guaranteed +1.5% tolerance on 
output voltage within specified input voltages and output 
load conditions, and +10% on the oscillator frequency. Ex- 
ternal shutdown is included, featuring typically 50 pA 
stand-by current. The output switch includes current limiting, 
as well as thermal shutdown for full protection under fault 
conditions. 


To simplify the LM2672 buck regulator design procedure, 
there exists computer design software, LM267X Made 
Simple version 6.0. 


Features 

m Efficiency up to 96% 

m Available in SO-8 and 8-pin DIP packages 

= Computer Design Software LM267X Made Simple 
version 6.0 

Simple and easy to design with 

Requires only 5 external components 

Uses readily available standard inductors 

3.3V, 5.0V, 12V, and adjustable output versions 
Adjustable version output voltage range: 1.21V to 37V 
+1.5% max output voltage tolerance over line and load 
conditions : 

m= Guaranteed 1A output load current 

# 0.25Q DMOS Output Switch 

m Wide input voltage range: 8V to 40V- 

@ 260 kHz fixed frequency internal oscillator 

= TTL shutdown capability, low power standby mode 

= Soft-start and frequency synchronization 

m= Thermal shutdown and current limit protection 


Typical Applications 

m= Simple High Efficiency (>90%) Step-Down (Buck) 
Regulator 

= Efficient Pre-Regulator for Linear Regulators 


Typical Application (Fixed Output Voltage Versions) 












SS SYNC 


Vy _LM2672-5.0 





ON/OFF 


FB 
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National Semiconductor 


LM2673 


SIMPLE SWITCHER® 3A Step-Down Voltage Regulator 


with Adjustable Current Limit 


General Description 


The LM2673 series of regulators are monolithic integrated 
circuits which provide all of the active functions for a 
step-down (buck) switching regulator capable of driving up to 
3A loads with excellent line and load regulation characteris- 
tics. High efficiency (>90%) is obtained through the use of a 
low ON-resistance DMOS power switch. The series consists 
of fixed output voltages of 3.3V, 5V and 12V and an adjust- 
able output version. 


The SIMPLE SWITCHER concept provides for a complete 
design using a minimum number of external components. A 
high fixed frequency oscillator (260KHz) allows the use of 
physically smaller sized components. A family of standard in- 
ductors for use with the LM2673 are available from several 
manufacturers to greatly simplify the design process. 


Other features include the ability to reduce the input surge 
current at power-ON by adding a softstart timing capacitor to 
gradually turn on the regulator. The LM2673 series also has 
built in thermal shutdown and resistor programmable current 
limit of the power MOSFET switch to protect the device and 
load circuitry under fault conditions. The output voltage is 
guaranteed to a +2% tolerance. The clock frequency is con- 
trolled to within a +11% tolerance. 


Typical Application 


Input 
Voltage 
BV to 40V 


Cin 
2x15 pF/50V Softstart 


8.2k 







Current 
Limit 
Adjust 





Features 
B Efficiency up to 94% 


m™ Simple and easy to design with (using off-the-shelf 


external components) 


m Resistor programmable peak current limit over a range 


of 2A to 5A. 


m 150 MQ DMOS output switch 
@ 3.3V, 5V and 12V fixed output and adjustable (1.2V to 


37V ) versions 


conditions 


Softstart capability 


Applications 


Wide input voltage range: 8V to 40V 
260 KWz fixed frequency internal oscillator 


+2%maximum output tolerance over full line and load 


—40 to +125°C operating junction temperature range 


= Simple to design, high efficiency (>90%) step-down 


switching regulators 


m™ Efficient system pre-regulator for linear voltage 


regulators 
m@ Battery chargers 


Feedback 
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Output 
Voltage 


O) 
5V/3A 
Court 
180 wF/16V 


DS100913-3 
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LM2673 


Connection Diagram and Ordering Information 


TO-263 Package 
Top View 


CTT) 7 SOFTSTART 

CIT] 6 FEEDBACK 

PTT) 5 CURRENT ADJUST 

LT) 4 GROUND 

CTT} 3 C BOOST 

PTT) 2 INPUT 

PTT) 1 SWITCH OUTPUT 
DS100913-1 










Tab is 
Ground 


Order Number 
LM2673S-3.3, LM2673S-5.0, 
LM2673S-12 or LM2673S-ADJ 
See NSC Package Number TS7B 


TO-220 Package 
Top View 


CTT 7 SOFTSTART 

PTT 6 FEEDBACK 

CTT 5 CURRENT ADJUST 

PTT 4 GROUND 

TIT) 3 C Boost 

ed 2 INPUT 

PITTI 1 SWITCH OUTPUT 
DS100913-2 











Tab is 
Ground 


Order Number 
LM2673T-3.3, LM2673T-5.0, 
LM2673T-12 or LM2673T-ADJ 
See NSC Package Number TA07B 
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LM2674 
SIMPLE SWITCHER® Power Converter High Efficiency 
500 mA Step-Down Voltage Regulator 


General Description To simplify the LM2674 buck regulator design procedure, 
p eee there exists computer design software, LM267X Made 
The LM2674 series of regulators are monolithic integrated — gimpje (version 6.0). 


circuits built with a LMDMOS process. These regulators pro- 

vide all the active functions for a step-down (buck) switching 

regulator, capable of driving a 500 mA load current with ex- Featu res 

cellent line and load regulation. These devices are available ™ Efficiency up to 96% 

in fixed output voltages of 3.3V, 5.0V, 12V, and an adjustable | Available in SO-8 and 8-pin DIP packages 

output version. = Computer Design Software LM267X Made Simple 


Requiring a minimum number of external components, these (version 6.0) 

regulators are simple to use and include patented internal = Simple and easy to design with 

frequency compensation (Patent Nos. 5,382,918 and  m# Requires only 5 external components 

5,514,947) and a fixed frequency oscillator. m Uses readily available standard inductors 

The LM2674 series operates at a switching frequency of  m 3.3V, 5.0V, 12V, and adjustable output versions 

260 kHz, thus allowing smaller sized filter components thang Adjustable version output voltage range: 1.21V to 37V 
what would be needed with lower frequency switching regu- +4 5% max output voltage tolerance over line and load 
lators. Because of its very high efficiency (>90%), the cop- conditions 

per traces on the printed circuit board are the only heat sink- 
ing needed. 


A family of standard inductors for use with the LM2674 are 
available from several different manufacturers. This feature wi: O60. Kii>- fived frequencyint ‘lat 
greatly simplifies the design of switch-mode power supplies . ane cy yagi cael 

using these advanced ICs. Also included in the datasheet ™ | TL shutdown capability, low power standby mode 
are selector guides for diodes and capacitors designed to ™ Thermal shutdown and current limit protection 
work in switch-mode power supplies. 


Other features include a guaranteed +1.5% tolerance on Typical Applications 


output voltage within specified input voltages and output # Simple High Efficiency (>90%) Step-Down (Buck) 
load conditions, and +10% on the oscillator frequency. Ex- Regulator 

ternal shutdown is included, featuring typically 50 HA wm Efficient Pre-Regulator for Linear Regulators 
Stand-by current. The output switch includes current limiting, Positive-to-Negative Converter 

as well as thermal shutdown for full protection under fault 

conditions. 


m Guaranteed 500mA output load current 
@ 0.250 DMOS Output Switch 
m= Wide input voltage range: 8V to 40V 


Typical Application 





Vin LM2674-5.0 






BV to 40V 
Cy + 





ON/OFF 






DS100041-1 
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AY National Semiconductor 


LM2675 


SIMPLE SWITCHER® Power Converter High Sereney 
1A Step-Down Voltage Regulator 


General Description 


The LM2675 series of regulators are monolithic integrated 
circuits built with a LMDMOS process. These regulators pro- 
vide all the active functions for a step-down (buck) switching 
regulator, capable of driving a 1A load current with excellent 
line and load regulation. These devices are available in fixed 
output voltages of 3.3V, 5.0V, 12V, and an adjustable output 
version. 


Requiring a minimum number of external components, these 
regulators are simple to use and include patented internal 
frequency compensation (Patent. Nos. 5,382,918 and 
5,514,947) and a fixed frequency oscillator. . 


The LM2675 series operates at a switching frequency of 
260 kHz, thus allowing smaller sized filter components than 
what would be needed with lower frequency switching regu- 
lators. Because of its very high efficiency (>90%), the cop- 
per traces on the printed circuit board are the only heat sink- 
ing needed. - 


A family of standard inductors for use with the LM2675 are 
available from several different manufacturers. This feature 
greatly simplifies the design of switch-mode power supplies 
using these advanced ICs. Also included in the datasheet 
are selector guides for diodes and capacitors designed to 
work in switch-mode power supplies. 


Other features include a guaranteed +1.5% tolerance on 
output voltage within specified input voltages and output 
load conditions, and 10% on the oscillator frequency. Ex- 
ternal shutdown is included, featuring typically 50 uA 
stand-by current. The output switch includes current limiting, 
as well as thermal shutdown for full protection under fault 
conditions. 


Typical Application 








LM2675-5.0 


ON/OFF 


FB 


GND 


To simplify the LM2675 buck regulator design procedure, 
there exists computer design software, LM267X Made 
Simple version 6.0. 


Features | 

m Efficiency up to 96% 

m@ Available in SO-8 and 8-pin DIP packages 

= Computer Design Software LM267X Made Simple 
(version 6.0) 

m Simple and easy to design with 

Requires only 5 external components 

Uses readily available standard inductors 

3.3V, 5.0V, 12V, and adjustable output versions © 

Adjustable version output voltage range: 1.21V to 37V 

+1.5% max output voltage tolerance over line and load 

conditions 

Guaranteed 1A output load current 

0.25Q DMOS Output Switch | 

Wide input voltage range: 8V to 40V 

260 kHz fixed frequency internal oscillator 

TTL shutdown capability, low power standby mode 

Thermal shutdown and current limit protection 


Typical Applications 

m Simple High EHeney (>90%) Step-Down (Buck) 
Regulator 

m Efficient Pre-Regulator for Linear Regulators 

= Positive-to-Negative Converter 





DS012803-1 
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LM2676 
SIMPLE SWITCHER® High Efficiency 3A Step-Down 
Voltage Regulator 


General Description Features 


The LM2676 series of regulators are monolithic integrated ™ Efficiency up to 94% 

circuits which provide all of the active functions for a m™ Simple and easy to design with (using off-the-shelf 
step-down (buck) switching regulator capable of driving up to external components) 

3A loads with excellent line and load regulation characteris- =m 150 mQ DMOS output switch 

tics. High efficiency (>90%) is obtained through the use ofa sm _=3.3V, 5V and 12V fixed output and adjustable (1.2V to 
low ON-resistance DMOS power switch. The series consists 37V ) versions 

of fixed output voltages of 3.3V, 5V and 12V and an adjust- 50uA standby current when switched OFF 


able OUDUL Version: @ +2%maximum output tolerance over full line and load 
The SIMPLE SWITCHER concept provides for a complete conditions 


design using a minimum number of external components. A sg 
high fixed frequency oscillator (260KHz) allows the use of 
physically smaller sized components. A family of standard in- 
ductors for use with the LM2676 are available from several 
manufacturers to greatly simplify the design process. 


The LM2676 series also has built in thermal shutdown, cur- Applications 
rent limiting and an ON/OFF control input that can power Simple to design, high efficiency (>90%) step-down 


Wide input voltage range: 8V to 40V 
@ 260 KHz fixed frequency internal oscillator 
@ -—40 to +125°C operating junction temperature range 


down the regulator to a low 50uA quiescent current standby switching regulators 

condition. The output voltage is guaranteed to a +2% toler- m Efficient system pre-regulator for linear voltage 
ance. The clock frequency is controlled to within a +11% tol- regulators 

erance. m Battery chargers 


Typical Application 








Input Vin 
Voitage © 2 
BV to 40V Output 
Switch ape 
2x 15 uF/50V Output SV/3A 
180 pF/16V 


DS100914-3 
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LM2676 


Connection Diagram and Ordering Information 


TO-263 Package 
Top View 


CTT) 7 ON/OFF 

TIT] 6 FEEDBACK 
PTT) 5 NO CONNECTION 
—LT} 4 GROUND 

C—IT) 3 C BOOST 

PT 2 INPUT 

L—I 1 SWITCH OUTPUT 
3 DS100914-1 










Tab is 
Ground 


Order Number 
LM2676S-3.3, LM2676S-5.0, 
LM2676S-12 or LM2676S-ADuJ | 
See NSC Package Number TS7B 


TO-220 Package 
Top View 


I 7 ON/OFF 

leben 6 FEEDBACK 

PIT =5 NO CONNECTION 

pled 4 GROUND 

deed §=35 C BOOST 

deed 2 INPUT 

1 SWITCH OUTPUT 
DS100914-2 









Tab is 
Ground 


Order Number 
LM2676T-3.3, LM2676T-5.0, 
LM2676T-12 or LM2676T-ADJ 
See NSC Package Number TA07B 
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LM2677 


SIMPLE SWITCHER® High Efficiency 5A Step-Down 


Voltage Regulator with Sync 


General Description 


The LM2677 series of regulators are monolithic integrated 
circuits which provide all of the active functions for a 
step-down (buck) switching regulator capable of driving up to 
5A loads with excellent line and load regulation characteris- 
tics. High efficiency (>90%) is obtained through the use of a 
low ON-resistance DMOS power switch. The series consists 
of fixed output voltages of 3.3V, 5V and 12V and an adjust- 
able output version. 


The SIMPLE SWITCHER concept provides for a complete 
design using a minimum number of external components. 
The switching clock frequency can be provided by an inter- 
nal fixed frequency oscillator (260KHz) or from an externally 
provided clock in the range of 280KHz to 400Khz which al- 
lows the use of physically smaller sized components. A fam- 
ily of standard inductors for use with the LM2677 are avail- 
able from several manufacturers to greatly simplify the 
design process. The external Sync clock provides direct and 
precise control of the output ripple frequency for consistent 
filtering or frequency spectrum positioning. 

The LM2677 series also has built in thermal shutdown, cur- 
rent limiting and an ON/OFF control input that can power 
down the regulator to a low 50uA quiescent current standby 
condition. The output voltage is guaranteed to a +2% toler- 
ance. 


Typical Application 


Input 
Voltage © 
8V to 40V 


3x15 pF/50V 


Optional External o— FOOaE 
p 


Syne Clock 
(280 kHz to 400 kHz) 


Features 
m Efticiency up to 92% 
= Simple and easy to design with (using off-the-shelf 
external components) 
100 mQ DMOS output switch 
3.3V, 5V and 12V fixed output and adjustable (1.2V to 


A 
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37V ) versions 


50uA standby current when switched OFF 


+2%maximum output tolerance over full line and load 


conditions 


Wide input voltage range: 8V to 40V 
External Sync clock capability (280KHz to 400KHz) 


260 KHz fixed frequency internal oscillator 


-40 to +125°C operating junction temperature range 


pplications 
Simple to design, high efficiency (>90%) step-down 
switching regulators 
Efficient system pre-regulator for linear voltage 


regulators 


Battery chargers 


Communications and radio equipmen: regulator with 
synchronized clock frequency 


Switch 
Output 













6TQ0455 









Output 
O Voltage 
5V/5A 


2x 180 uF, 16V 


DS101301-3 
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LM2677 


Connection Diagram and Ordering Information 


www.national.com 


TO-263 Package 
Top View 


PTT) 7 ON/OFF 

[TT] 6 FEEDBACK 

P35 SYNC 

TTT 4 GROUND 

LT) 3 C BOOST 

[12 INPUT 

TT) i SWITCH OUTPUT 
DS101301-1 


Order Number 
LM2677S-3.3, LM2677S-5.0, 
LM2677S-12 or LM2677S-ADJ 
See NSC Package Number TS7B 










TO-220 Package 
Top View 


TTI 7 ON/OFF 
L— 116 FEEDBACK 
TT 5 SYNC 
PLL] 4 GROUND 
T—.tJ 3 C BOOST 










1 SWITCH OUTPUT 
DS101301-2 
Order Number . 
LM2677T-3.3, LM2677T-5.0, 
LM2677T-12 or LM2677T-ADJ 
See NSC Package Number TA07B 
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8Z9CIN1 


LM2678 
SIMPLE SWITCHER® High Efficiency 5A Step-Down 
Voltage Regulator 


General Description Features 


The LM2678 series of regulators are monolithic integrated | Efficiency up to 92% 

circuits which provide all of the active functions for a | Simple and easy to design with (using off-the-shelf 
step-down (buck) switching regulator capable of driving up to external components) 

5A loads with excellent line and load regulation characteris- = 120 mQ DMOS output switch 

tics. High efficiency (>90%) is obtained through the use of € sm 3.3V, 5V and 12V fixed output and adjustable (1.2V to 
low ON-resistance DMOS power switch. The series consists 37V ) versions 

of fixed output voltages of 3.3V, 5V and 12V and an adjust- 50uA standby current when switched OFF 


apie cuIpEtNetsiOn: m@ +2%maximum output tolerance over full line and load 
The SIMPLE SWITCHER concept provides for a complete conditions 


design using a minimum number of external components.A sg 
high fixed frequency oscillator (260KHz) allows the use of 
physically smaller sized components. A family of standard in- 
ductors for use with the LM2678 are available from several 
manufacturers to greatly simplify the design process. 


The LM2678 series also has built in thermal shutdown, cur. Applications 
rent limiting and an ON/OFF control input that can power # Simple to design, high efficiency (>90%) step-down 


Wide input voltage range: 8V to 40V 
@ 260 KHz fixed frequency internal oscillator 
m —40 to +125°C operating junction temperature range 


down the regulator to a low 50yA quiescent current standby switching regulators 

condition. The output voltage is guaranteed to a +2% toler- m Efficient system pre-regulator for linear voltage 
ance. The clock frequency is controlled to within a +11% tol- regulators 

erance. m Battery chargers 


Typical Application 


Feedback 





Input Vin 


Voltage © 2 






Output 


8V to 40V Voltage 
OO 

Cn 5V/5A 
3x15 wF/50V one 


DS100886-3 
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LM2678 


Connection Diagram and Ordering Information 


TO-263 Package 
Top View 


P11 7 ON/OFF 

PIT] 6 FEEDBACK 

TIT 5 NO CONNECTION 

LL] 4 GROUND 

—IT 3 C BOOST 

IT) 2 INPUT 

CTT) 1 SWITCH OUTPUT 
DS*+00886-1 








Tab is 
Ground 


Order Number 
LM2678S-3.3, LM2678S-5.0, 
LM2678S-12 or LM2678S-ADJ 
See NSC Package Number TS7B 


TO-220 Package 
Top View 


TT 7 ON/OFF 

T7176 FEEDBACK 

PTT «5 NO CONNECTION 

TT 4 GROUND 

TIT 3 C BOOsT 

PL) 2 INPUT 

PTT) 1 SWITCH OUTPUT 
DS100886-2 










Tab is —> 
Ground 


Order Number 
- LM2678T-3.3, LM2678T-5.0, 
LM2678T-12 or LM2678T-ADJ 
See NSC Package Number TA07B 
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LM2679 


National Semiconductor 


SIMPLE SWITCHER® 5A Step-Down Voltage Regulator 
with Adjustable Current Limit 


General Description 


The LM2679 series of regulators are monolithic integrated 
circuits which provide all of the active functions for a 
step-down (buck) switching regulator capable of driving up to 
5A loads with excellent line and load regulation characteris- 
tics. High efficiency (>90%) is obtained through the use of a 
low ON-resistance DMOS power switch. The series consists 
of fixed output voltages of 3.38V, 5V and 12V and an adjust- 
able output version. — 


The SIMPLE SWITCHER concept provides for a complete 
design using a minimurn number of external components. A 
high fixed frequency oscillator (260KHz) allows the use of 
physically smaller sized components. A family of standard in- 
ductors for use with the LM2679 are available from several 
manufacturers to greatly simplify the design process. 


Other features include the ability to reduce the input surge 
current at power-ON by adding a softstart timing capacitor to 
gradually turn on the regulator. The LM2679 series also has 
built in thermal shutdown and resistor programmable current 
limit of the power MOSFET switch to protect the device and 
load circuitry under fault conditions. The output voltage is 
guaranteed to a +2% tolerance. The clock frequency is con- 
trolled to within a +11% tolerance. 


Typical Application 


Input 
Voltage 
8V to 40V 
Cn 

3x 15 wF/50V 


Features 


m Efficiency up to 92% 


m Simple and easy to design with (using off-the-shelf 


external components) 


= Resistor programmable peak current limit over a range 
of 3A to 7A. 


@ 120 MQ DMOS output switch 


@ 3.3V, 5V and 12V fixed output and adjustable (1.2V to 


37V ) versions 
+2%maximum output tolerance over full line and load 


conditions 


Applications 


Wide input voltage range: 8V to 40V 

260 KHz fixed frequency internal oscillator 
Softstart capability 

-40 to +125°C operating junction temperature range 


m™ Simple to design, high efficiency (>90%) step-down 


switching regulators 


m Efficient system pre-regulator for linear voltage 
regulators 


m Battery chargers 


Feedback 
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Output 
Voltage 
J 


2x 180 uF/16V 


DS100847-3 
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LM2679 


Connection Diagram and Ordering Information 


TO-263 Package 
Top View 


TTI 7 SOFTSTART 
P—IT1 6 FEEDBACK 

TT 5 CURRENT ADJUST 
PTT) 4 GROUND 

P—IT] 3 C BOOST 

PTT 2 INPUT 

PIT) i SWITCH OUTPUT 
DS100847-1 











Tab is 
Ground 


Order Number 
LM2679S-3.3, LM2679S-5.0, 
LM2679S-12 or LM2679S-ADJ 
See NSC Package Number TS7B 


TO-220 Package 
Top View 









LL 7 SOFTSTART 
PTT 6 FEEDBACK 
PET 5S CURRENT ADJUST 
TT 4 GROUND 

PIL] 3 C BOOST 
pT) 2 INPUT 

CTT 1 SWITCH OUTPUT 
DS100847-2 


Tab is 
Ground 


Order Number 
LM2679T-3.3, LM2679T-5.0, 
LM2679T-12 or LM2679T-ADJ 
See NSC Package Number TA07B 
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LM2825 
Integrated Power Supply 1A DC-DC Converter 


General Description Features 


The LM2825 is a complete 1A DC-DC Buck converter pack- ™ Minimum design time required 

aged in a 24-lead molded Dual-In-Line integrated circuit | 3.3V, 5V and 12V fixed output versions 

package. ™ Two adjustable versions allow 1.23V to 15V outputs 
Contained within the package are all the active and passive m Wide input voltage range, up to 40V 

components for a high efficiency step-down (buck) switching | Low-power standby mode, Iq typically 65 yA 
regulator. Available in fixed output voltages of 3.3V, 5V and — High efficiency, typically 80% 

12V, as well as two adjustable versions, these devices can 
provide up to 1A of load current with fully guaranteed electri- 
cal specifications. 

Self-contained, this converter is also fully protected from out- 
put fault conditions, such as excessive load current, short 
Circuits, or excessive temperatures. 


Highlights Applications 
m Simple high-efficiency step-down (buck) regulator 
m On-card switching regulators 


+4% output voltage tolerance 

Excellent line and load regulation 

TTL shutdown capability/programmable Soft-start 
Thermal shutdown and current limit protection 
-40°C to +85°C ambient temperature range 


m No external components required (fixed output voltage 


versions) 
m Integrated circuit reliability m Efficient pre-regulator for linear regulators 
= MTBE over 20 million hours m Distributed power systems 
= Radiated EMI meets Class B stipulated by CISPR 22 = DC/DC module replacement 
m High power density, 35 W/in® 
@ 24-pin DIP package profile (1.25 x 0.54 x 0.26 inches) 


Connection Diagram 










GND Lj 24 IZ] NC (Do Not Use) 
GND Lj 2 23 LJ] GND 
(Do Not Use) NC [93 22 INC (Do Not Use) 





DS012661-27 Output 6 
vee F LM2825 Input 





Standard Application (Oo Not Use) NCE 2 ) 
ADJ 

(Fixed output voltage versions) (ADJ, H = ADJ Versions Only) 4 '° fan stale ea 
GND (11 1412] Shutdown/Soft-start 


GND [412 13 [CJ Shutdown /Soft-start 


Input Voltage OUTPUT Output Voltage 
+40V (Max) +5V @ 1A DS012661-2 


“NC (Do not use)” pins: See Figure 11. 
Top View 


Ordering Information 
Radiated EMI Order Number LM2825N-3.3, LM2825N-5.0, LM2825N-12, 


Radiated emission of electromagnetic fields is measured at  /M2625N-ADJ or LM282SHN-ADJ 
10m distance. The emission levels are within the Class B See NS Package Number NA24F 
limits stipulated by CISPR 22. 





DS012661-1 


30... .280 MHz 30 dB pV/m 
230... .1000 MHz 37 dB pV/m 
1....10 GHz 46 dB pV/m 
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-LM3478 


National Semiconductor 


High Efficiency Low-Side N-Channel Controller for 


Switching Regulator 


General Description 


The LM3478 is a versatile Low-Side N-FET switching regula- 
tor controller. It is suitable for use in topologies requiring low 
side FET, such as boost, flyback, SEPIC, etc. Moreover, the 
LM3478 can be operated at extremely high switching fre- 
quency in order to reduce the overall solution size. The 
switching frequency of LM3478 can be adjusted to any value 
between 100kKHz and 1MHz by using a single external resis- 
tor. Current mode control provides superior bandwidth and 
transient response, besides cycle-by-cycle current limiting. 
Output current can be programmed with a single external re- 
sistor. 


~ TheLM3478 has built in features such as thermal shutdown, 
- short-circuit protection, over voltage protection, etc. Power 


saving shutdown mode reduces the total supply current to 
SHA and allows power supply sequencing. Internal soft-start 
limits the inrush current at start-up. 


Key Specifications 
m Wide supply voltage range of 2.95V to 40V 
m 100kHz to 1MHz Adjustable clock frequency 


Typical Application Circuit 








ISEN VIN 
Co 22 nF 
: COMP FA/SD 


LM3478 






FB DR 





GND SW 








m@ +2.5% (over temperature) internal reference 
m™ 10uA shutdown current | 


Features 

m 8-lead Mini-SO8 (MSOP-8) sepia 

m Internal push-pull driver with 1A peak current. capability 
m Current limit and thermal shutdown 

m Frequency compensation optimized with a capacitor and 
a resistor 

Internal softstart 

Current Mode Operation 

m= Undervoltage Lockout with hysteresis 


Applications 

m Distributed Power Systems 
m Battery Chargers 

m™ Offline Power Supplies 

m Telecom Power Supplies 

m Automotive Power Systems 


Vin = 3. oy (410%) 






ae 


> 100 pF, 6.3V 
L | 


10 wH 






D MBRD340 Vour = 5V, 2A 
















* Cour 


100 uF, 10V 
x2 







Q1 
IRF7807 






DS101355-1 


Typical High Efficiency Step-Up (Boost) Converter 
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Connection Diagram 


LIM 8F— Vin 
COMP 7H FA/SD 
LM3478 
FB 6 KDR 
AGND 5  PcND 





DS101355-2 


8 Lead Mini SO8 Package (MSOP-8 Package) 


Package Marking and Ordering Information 


Order Number Package Type Package Supplied As: 
Marking 


LM3478MM MSOP-8 $14B 1000 units on Tape and 
Reel 

LM3478MMX MSOP-8 $14B 3500 units on Tape and 
Reel 


Pin Description 





[Fin Name Pin Number [~~ erption 


Current sense input pin. Voltage generated across an external 
sense resistor is fed into this pin. 

Compensation pin. A resistor, capacitor combination connected to 
this pin provides compensation for the control loop. 


Feedback pin. The output voltage should be adjusted using a 
resistor divider to provide 1.25V at this pin. 












ae Analog ground pin. 
PGND Os Power ground pin 


Drive pin of the IC. The gate of the external MOSFET should be 
connected to this pin. 


Frequency adjust and Shutdown pin. A resistor connected to this 
pin sets the oscillator frequency. A high level on this pin for = 

30us will turn the device off. The device will then draw less than 
10yA from the supply. 








FAD/SD 7 
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LM3488 
High Efficiency Low-Side N- 
Switching Regulators 


General Description 


The LM3488 is a versatile Low-Side N-FET high perfor- 
mance controller for switching regulators. It is suitable for 
use in topologies requiring low side FET, such as boost, fly- 
back, SEPIC, etc. Moreover, the LM3488 can be operated at 
extremely high switching frequency in order to reduce the 
overall solution size. The switching frequency of LM3488 can 
be adjusted to any value between 100kHz and 1MHz by us- 
ing a single external resistor or by synchronizing it to an ex- 
ternal clock. Current mode control provides superior band- 
width and transient response, besides cycle-by-cycle current 
limiting. Output current can be programmed with a single ex- 
ternal resistor. : 
TheLM3488 has built in features such as thermal shutdown, 
short-circuit protection, over voltage protection, etc. Power 
saving shutdown mode reduces the total supply current to 
5uA and allows power supply sequencing. Internal soft-start 
limits the inrush current at start-up. 


Key Specifications 
m= Wide supply voltage range of 2.95V to 40V 


m@ 100kHz to 1MHz Adjustable and Synchronizable clock 
frequency 


Typical Application Circuit 


V, 
cay ISEN IN 
1 nF l 
Co — RFA 
COMP FA/SYNC/SD 
R : LM34s8 | 40 
4.7k F 1 
FB DR 
20k 





AY vational Semiconductor 


Channel Controller for 


m@ +1.5% (over temperature) internal reference 
m 5uA shutdown current | 


Features 

m 8-lead Mini-SO8 (MSOP-8) package 

m Internal push-pull driver with 1A peak current capability 
@ Current limit and thermal shutdown 

m Frequency compensation optimized with a capacitor and 
a resistor 

Internal softstart 

Current Mode Operation 

m Undervoltage Lockout with hysteresis 


Applications 
-& Distributed Power Systems 
@ Notebook, PDA, Digital Camera, and other Portable 
Applications 
= Offline Power Supplies 
= Set-Top Boxes 


Vin = 3.0V to 24V 


+ 
Cy 
Ak 15 pF, 35V 
10 wH = he x2 
1 uF, ceramic D Vout = OV, 1A 
C. MBRS130LT3 Cour 
e 100 pF, 10V 
Q e eae 
MS] IRF7807 
= Rea 
60k 
Rs 
0.050 


DS101388-44 


Typical SEPIC Converter 
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Connection Diagram 


LIM 8F— Vin 
COMP 7 J FA/SYNC/SD 
LM3488 
FB 6 I~ DR 
AGND 5  pcnp 





DS101388-2 


8 Lead Mini SO8 Package (MSOP-8 Package) 
Package Marking and Ordering Information 


Order Number Package Type Package Marking Supplied As: 
LM3488MM MSOP-8 $21B 1000 units on Tape and Reel 
LM3488MMX MSOP-8 $21B 3500 units on Tape and Reel 


Pin Description 


[Pin Name | PinNumber | —~—~=~=~S=Cissaription 
sense resistor is fed into this pin. 
Compensation pin. A resistor, capacitor combination connected to 


this pin provides compensation for the control loop. 


: 
resistor divider to provide 1.25V at this pin. 
5 


a Se 
Drive pin of the IC. The gate of the external MOSFET should be 
|? leenosemapn ne 
FA/SYNC/SD 7 Frequency adjust, synchronization, and Shutdown pin. A resistor 
connected to this pin sets the oscillator frequency. An external 
clock signal at this pin will synchronize the controller to the 
frequency of the clock. A high level on this pin for => 30us will turn 
the device off. The device will then draw less than 10yA from the 


supply. 
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LM2720 
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National Semiconductor 


LM2720 


5-Bit Programmable, High Frequency Multi-phase PWM 


Controller 


General Description 


The LM2720 provides an attractive solution for power sup- 
plies of high power microprocessors exhibiting ultra fast load 


| transients. Compared to a conventional single-phase supply, 


an LM2720 based multi-phase supply distributes the thermal 
and electrical loading among components in multiple phases 
and greatly reduces the corresponding stress in each com- 
ponent. The LM2720 can be programmed to control either a 
3-phase converter or a 4-phase converter. Phase shift 
among the phases is 120° in the case of three phase and 90° 
with four-phase. Because the power channels are out of 
phase, there can be significant ripple cancellation for both 
the input and output current, resulting in reduced input and 
output capacitor size. Due to the nominal operating fre- 
quency of 2 MHz per phase, the size of the output inductors 
can be greatly reduced which results in a much faster load 
transient response and a dramatically shrunk output capaci- 
tor bank. Microprocessor power supplies with all surface 
mount components can be easily built. 

The internal high speed transconductance amplifier guaran- 
tees good dynamic performance. 

The internal master clock frequency of up to 8 MHz is set by 
an external reference resistor. An external clock of 10 MHz 
can also be used to drive the chip to achieve frequency con- 
trol and multi-chip operation. 


Pin Configuration 


The LM2720 also provides input under-voltage lock-out with 
hysteresis, input over-current protection and output voltage 
power good detection. 


Features 


m Ultra fast load transient response 

m Enables all surface-mount-design 

m Selectable 2, 3, 4 phase operation 

m™ Clock frequency from 40 kHz to 10 MHz 

m Precision load current sharing 

m@ 5-bit programmable from 3.5V to 1.3V 

m VID code compatible to VRM 8.X specification 

= Output voltage is 2.0V for VID code 11111 

m Selectable internal or external clock 

m Digital 16-step soft start 

m@ Input under-voltage lock-out, over-current protection 
m Open-drain power good signal output | 


Applications 


m Servers and workstations 
m@ High current, ultra-fast transient microprocessors 


24-Pin Plastic SOIC 


Vec ov 
Divsel 
Clksel 
Extclk 
Rref 
VidO 
Vid4 
Vid2 
Vid3 
Vid4 
OC+ 
0Cc- 


1 

2 
3 
4 
5 
6 
7 
8 





LM2720 


Enable 
FBG 
Bgout 
FB 
Comp 


DS101322-1 


Top View 
See NS Package Number M24B 
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National Semiconductor 


Switched Capacitor Converter Selection Guide 
























Oscillator 
Frequency 


Output 
impedance 


Output 
Current 


Input 
Range (V) 






Part Number Package (Note 2) 





(ohms) (mA) | (Note 1) (kHz) 

DOUBLER/SPLITTER 

LM660 MSOP-6/50-8 
iMa661 [2 (Vn)or@ (Vu) | 65 | 400 | 15t055| 60 | MSOPASO< 
(M2062___|2 (in) oF Y Win) 50.8 
iM2663 50-8 
(M2065 [2 (in) oF % Vin) S078 
[Ma6at [2 (Vu) oF ¥ (Vu soT23- 
(Mace [2 (Vn)orv (Vn) | 90 +| 10 | 200558 | 6 | WSOPASO8 
LM2685 2 (Vin) or % (Vin) TSSOP-14 
(M2686 _|2 (Vn) oF (in) TSSOP-14 
(Ma766 s0T286 
(Ma766 | 2 (Vw) or ¥ (Vu soT28- 
iMa7E7 [2 (Vu) oF ¥ (Vu S0T285 
iMo7660 [2 (Vn)or@ (Vu) | 85 ~+| 20 ~| 151010 | 0 ~(| ~S0a/Na 
MAX660 2 (Vin) or ¥2 (Vin) MSOP-8/SO-8 
FRACTIONAL 





LM3350 3/2 (Vix) or 2/3 (Ving 


1.5 to 5.5 
1.5 to 5.5 


2.5 to 5.5 


1.5 to 5.5 10/80 MSOP-8/SO-8 
1.5 to 5.5 MSOP-8/SO-8 


1600 
400 


) 
LM3351 3/2 (Vin) or 2/3 (Vin) 4.2/1.8 
LM3352 Regulated Output, 2.5V, 
3.0V, or 3.3V 


TSSOP-16 





INVERTER 
LM2660 —(Vin) 


Oo 
ol 


4.2/1.8 


oO) 
o1 


| 
cMoe6t | -(Vu [es | 10. 
| 
M2663 | Vi) [35 | 200 | 181055 | 
2 
| 
20 


Ae 
12 
20 
30 
20 
6.5 


EC ees 2 

Va) | 
LM2662 207150 | MSOP-8/S0-6 

ai fe 3] _ 160 50-8 
imee64_[-(Vn)————Ssd| SS S0T25-6 
wee |[-Ww) Sid SCO P2055 | 6 | _MSOP-8/S0% 
ime685 [Vw SS*dYCOC TSSOP-14 
LM2686 TSSOP-14 
M267 | (Vw P30 MSOPS 
a SOT2S5 
iMC7660___[-(Vm) Sd S0-8/N- 
MAX660 —(Vin) | 6.5 | 100s |: 1.5 to 5.5 MSOP-8/SO-8 


Note 1: For voltage splitting function, the applied input voltage can be up to twice the specified Input Range. 
Note 2: Package designation includes the number of pins. 
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_ LM2660/LM2661 


| A nationat Semiconductor 


LM2660/LM2661 | 
switched Capacitor vous 


General Description 
The LM2660/LM2661 CMOS charge-pump voltage con- 


_ verter inverts a positive voltage in the range of 1.5V to 5.5V 


to the corresponding negative voltage. The LM2660/LM2661 
uses two low cost capacitors to provide 100 mA of output 


- current without the cost, size, and EMI related to inductor 


based converters. With an operating current of only 120 pA 
and operating efficiency greater than 90% at most loads, the 
LM2660/LM2661 provides ideal performance for battery 


~ powered systems. The LM2660/LM2661 may also be used 


as a positive voltage doubler. 


The oscillator frequency can be lowered by adding an exter- 
nal capacitor to the OSC pin. Also, the OSC pin may be used 
to drive the LM2660/LM2661 with an external clock. For 
LM2660, a frequency control (FC) pin selects the oscillator 
frequency of 10 kHz or 80 kHz. For LM2661, an external 
shutdown (SD) pin replaces the FC pin. The SD pin can be 
used to disable the device and reduce the quiescent current 


Converter 


Features | 

m Inverts or doubles input supply voltage 

m Narrow SO-8 and Mini SO-8 Package 

m 6.5Q typical output resistance 

= 88% typical conversion efficiency at 100 mA 

m (LM2660) selectable oscillator frequency: 10 KHz/80 kHz 
m (LM2661) low current shutdown mode 


Applications 

Laptop computers 

Cellular phones 

Medical instruments 

Operational amplifier power supplies 
Interface power supplies 

Handheld instruments. 


to 0.5 pA. The oscillator frequency for the-LM2661 is 80 kHz. 


Basic Application Circuits 


Voltage Inverter 









FC(SD) V+ = V,, (1.5V to 5.5V) 
AP+ Osc 

LM2660 

(LM266 1): 
GND “LV 
CAP- ccs -V. 

Al C, 
DS012911-3 


Splitting V,,, in Half 











FC(SD) 


CAP- 
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P+ 
LM2660 
(LM266 1) 
GND LV 


Positive Voltage Doubler 
4p, 





FC(SD) 








Vt+ 


CAP+ OSC 
LM2660 
(LM2661) . 

GND LV 





Co 





Vin (2.5V to 5.5Y) 







CAP- 





*See Application Information for selecting D, 
DS012911-4 


Vi, (1.5V to 11¥) 


at 


s 
* 


Vt 


OSC 







268” Vout = Vin/2 


DS012911-26 
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National Semiconductor 


E99CIN 1/C99CWNT 


LM2662/LM2663 
Switched Capacitor Voltage Converter 


Features 
m Inverts or doubles input supply voltage 
m™ Narrow SO-8 Package 
m 3.5Q typical output resistance 
m™ 86% typical conversion efficiency at 200 mA 
mw (LM2662) selectable oscillator 
frequency: 20 kHz/150 kHz 
m (LM2663) low current shutdown mode 


General Description 


The LM2662/LM2663 CMOS charge-pump voltage con- 
verter inverts a positive voltage in the range of 1.5V to 5.5V 
to the corresponding negative voltage. The LM2662/LM2663 
uses two low cost capacitors to provide 200 mA of output 
current without the cost, size, and EMI related to inductor 
based converters. With an operating current of only 300 pA 
and operating efficiency greater than 90% at most loads, the 
LM2662/LM2663 provides ideal performance for battery 
powered systems. The LM2662/LM2663 may also be used 
as a positive voltage doubler. 


The oscillator frequency can be lowered by adding an exter- 
nal capacitor to the OSC pin. Also, the OSC pin may be used 


Applications 


m= Laptop computers 
Cellular phones 


to drive the LM2662/LM2663 with an external clock. For 
LM2662, a frequency control (FC) pin selects the oscillator 
frequency of 20 kHz or 150 kHz. For LM2668, an external 


Medical instruments 
Operational amplifier power supplies 
Interface power supplies 


shutdown (SD) pin replaces the FC pin. The SD pin can be 
used to disable the device and reduce the quiescent current 
to 10 WA. The oscillator frequency for LM2663 is 150 kHz. 


Handheld instruments 


Basic Application Circuits 


Voltage Inverter Splitting V,, in Half 





Vin (1.5V to 11V) 






FC(SD) V+ Se V. (1.5V to 5.5V) . | 





CAP+ OSC 
LM2662 
(LM2663) 
D LV 











FC(SD) 





CAP- 





OUT CAP+ OSC 
LM2662 


(LM2663) 
ND LV 






DS100003-1 





CAP= 


Positive Voltage Doubler 
*D, 












FC(SD) V+ 





DS100003-3 





CAP+ OSC 
LM2662 

(LM2663) 

D LV 





V,,, (2.5V to 5.5V) 






CAP- 





*See Application Information for selecting Dy 
DS100003-2 
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~LM2664 


AY vationat Semiconductor. 


~LM2664 
Switched Capacitor Voltage 


General Description 


The LM2664 CMOS charge-pump voltage converter inverts 
a positive voltage in the range of +1.8V to +5.5V to the cor- 
responding negative voltage of -1.8V to —5.5V. The LM2664 
uses two low cost capacitors to provide up to 40 mA of out- 
put current. 


The LM2664 operates at 160 kHz oscillator frequency to re- 

duce output resistance and voltage ripple. With an operating 

current of only 220 YA (operating efficiency greater than 91% 
_ with most loads) and 1 UA typical shutdown current, the 

LM2664 provides ideal performance for battery powered 
- systems. The device is in SOT-23-6 package. 


Basic Application Circuits 


Converter 


Features 

m Inverts Input Supply Voltage 

SOT23-6 Package 

12Q Typical Output Impedance 

91% Typical Conversion Efficiency at 40 mA 
1p)A Typical Shutdown Current 


Applications © 

Cellular Phones 

Pagers 

PDAs 

Operational Amplifier Power Suppliers 
m Interface Power Suppliers 

m Handheld Instruments 


Voltage Inverter 





CAPt+ 


LM2664 






Vin (1.8V to 5.5V) 





DS100031-1 


+5V to -10V Converter 


+5V 





CAP+ 
LM2664 


V+ 
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CAP+ 
LM2664 


SD 


V+ 











GND 








C 
= -5V J OUT 





OUT 


DS100031-25 
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National Semiconductor 





LM2665 
Switched Capacitor Voltage Converter 


General Description Features 


The LM2665 CMOS charge-pump voltage converter oper- ™ Doubles or Splits Input Supply Voltage 
ates as a voltage doubler for an input voltage in the range of ™ SOT23-6 Package 
+2.5V to +5.5V. Two low cost capacitors and a diode #™ 12Q Typical Output Impedance 
(needed during start-up) are used in this circuit to provide up ~— ™ _~90% Typical Conversion Efficiency at 40 mA 
to 40 mA of output current. The LM2665 can also workasa sg 1A Typical Shutdown Current 
voltage divider to split a voltage in the range of +1.8V to 
+11V in half. A li . 

ications 
The LM2665 operates at 160 kHz oscillator frequency to re- Pp 
duce output resistance and voltage ripple. With an operating Cellular Phones 
current of only 650 A (operating efficiency greater than 90% Pagers 
with most loads) and 1A typical shutdown current, the ™& PDAs 
LM2665 provides ideal performance for battery powered m Operational Amplifier Power Suppliers 
systems. The device is in SOT-23-6 package. mw Interface Power Suppliers 

m@ Handheld Instruments 


Basic Application Circuits 


Voltage Doubler 
- 


¥ V+ OUT 7 


LM2665_ 
CAP+ SD 






Viy (2.5V to 5.5V) 
Vout = 2¥in 









DS100049-1 







OUT V+ 
LM2665 
CAP+ 


Vout = Vin/2 


DS100049-2 
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LM2681 





LM2681 


National Semiconductor 


Switched Capacitor Voltage Converter 


General Description 


The LM2681 CMOS charge-pump voltage converter oper- 
ates as a voltage doubler for an input voltage in the range of 
+2.5V to +5.5V. Two low cost capacitors and a diode 
(needed during start-up) is used in this circuit to provide up 
to 20 mA of output current. The LM2681 can also work as a 
voltage divider to split a voltage in the range of +1.8V to 
+11V in half. 


The LM2681 operates at 160 kHz oscillator frequency to re- 
duce output resistance and voltage ripple. With an operating 
current of only 550 pA (operating efficiency greater than 90% 
with most loads) the LM2681 provides ideal performance for 
battery powered systems. The device is in SOT-23-6 pack- 
age. 


Basic Application Circuits 


Features 

m™ Doubles or Splits Input Supply Voltage 

™ SOT23-6 Package 

m 15Q Typical Output Impedance 

m™ 90% Typical Conversion Efficiency at 20 mA 


Applications 

= Cellular Phones 

m Pagers | 

m PDAs 

= Operational Amplifier Power Suppliers 
m Interface Power Suppliers . 
m@ Handheld Instruments 


Voltage Doubler 
D, 






Vin (2.5V to 5.5V) 





V+ 


C, 


OUT 
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LM2681 
CAP+ 






CAP- 





LM268 1 
CAP+ 





CAP- 




















GND 
GND 
\ 
DS100965-1 






GND 









GND 





DS100965-2 
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National Semiconductor 


LM2682 
Switched Capacitor Voltage Doubling Inverter 


General Description Features 


The LM2682 is a CMOS charge-pump voltage inverter ca- _™ Inverts then doubles input supply voltage 
pable of converting positive voltage in the range of +2.0V to # Small MSOP-8 package (mini SO-8) and SO-8 package 
+5.5V to the corresponding doubled negative voltage of mm 90 typical output impedance 
-4.0V to -11.0V respectively. The LM2682 uses three low = 94% typical power efficiency at 10 mA 
cost capacitors to provide 10 mA of output current without 
the cost, size, and EMI related to inductor based circuits. : : 
With an operating current of only 150 pA and an operating ef- Applications 
ficiency greater than 90% with most loads, the LM2682 pro- ™ LCD contrast biasing 
vides ideal performance for battery powered systems. The ™ GaAs power amplifier biasing 
LM2682 offers a switching frequency of 6 kHz. m Interface power supplies 
™ Handheld instrumentation 
m= Laptop computers and PDAs 


Typical Operating Circuit and Pin Configuration 


8-Pin MSOP 
3.3 uF or 8-Pin SOIC 


Vi 5.0V 





DS100997-2 





Ordering Information 
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LM2685 


National Semiconductor 


LM2685 
Dual Output Regulated Switched Capacitor Voltage 
Converter 


General Description Features 


The LM2685 CMOS charge-pump voltage converter oper- ™ +5V regulated output 
ates as an input voltage doubler, +5V regulator and inverter m Inverts Vos5(+5V) to Vuee(-5V) 
for an input voltage in the range of +2.85V to +6.5V. Five low =m Doubles input supply voltage 
cost capacitors are used in this circuit to provide up to50mMA = TSSOP-14 package 
of output current at +5V (+ 5%), and 15mA at -5V. The 80% typical conversion efficiency at 25mA 
LM2685 operates at a 130 kHz switching frequency to re- 
duce output resistance and voitage ripple. With an operating 
current of only 800A (operating efficiency greater than 80% 
with most loads) and 6A typical shutdown current, the F : 
LM2685 is ideal for use in battery powered systems. The de- Applications 
vice is in a small 14-pin TSSOP package. # Cellular phones 

m Pagers 

m PDAs 

m Handheld instrumentation 

m 3.3V to 5V voltage conversion applications 


m Input voltage range of 2.85V to 6.5V 
m Independent shutdown control pins 


Typical Application and Connection Diagram 


Vin 
GND 


Nec 


LM2685 


Vsw 
CE 


SDP 
SDN 





DS101100-2 


14-Pin TSSOP 





DS101100-1 


Ordering Information 


NSC Package : 
Pp 
Order Number ackage Type Drawing Supplied As 


LM2685MTC TSSOP-14 MTC14 94 Units, Rail 
LM2685MTCX TSSOP-14 MTC14 2.5k Units, Tape and Reel 
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Pin Description 


Pin No. 


onj Ril @i m/s — 


10 
11 
12 
13 
14 


Zz 


Q) 


N 


VNEG 


0 


Vusw 


O 
m 


SDP 


Vesw 


VpsL 


2) 
ii 
a +{ 1 rs 


DIO 
1{ + 


Function 
Power supply input voltage. 
Power supply ground. 
Negative output voltage created by inverting Vos. 
Vneq Output connected through a series switch, NSW. 


Chip enable input. This pin is high for normal operation and low for shutdown. (See 
Shutdown and Load Disconnect section in the Detailed Device Description division). 


Positive side shutdown input. This pin is low for normal operation and high for positive 
side shutdown and Vpcw load disconnect. (See Shutdown and Load Disconnect section 


in the Detailed Device Description division). 


Negative side shutdown input. This pin is low for normal operation and high for negative 
side shutdown and Vysw load disconnect. (See Shutdown and Load Disconnect section 


in the Detailed Device Description division). 

The negative terminal of inverting charge-pump capacitor, C2. 

The positive terminal of inverting charge-pump capacitor, C2. 

Regulated +5V output. 

Vos Output connected through a series switch, PSW. 

Voltage Doubler Output. (2.85V < V,,, < 5.4V. See Voltage Doubler section). 
The positive terminal of doubling charge-pump capacitor, C1. 

The negative terminal of doubling charge-pump capacitor, C1. 
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S89cINT 


LM2686 





LM2686 


National Semiconductor 


Regulated Switched Capacitor Voltage Converter 


General Description 


The LM2686 CMOS charge-pump voltage converter oper- 
ates as an input voltage doubler and a +5V regulator for an 
input voltage in the range of +2.85V to +6.5V. Three low cost 
capacitors are used in this circuit to provide up to 50mA of 
output current at +5.0V (+ 5%). The LM2686 operates at a 


130 kHz switching frequency to reduce output resistance — 


and voltage ripple. With an operating current of only 450A 
(operating efficiency greater than 80% with most loads) and 
6.0uA typical shutdown current, the LM2686 is ideal for use 
in battery powered systems. The device is in a small 14-pin 
TSSOP package. 


Features 


m +5V regulated output 

m= Doubles input supply voltage 

m TSSOP 14 package 

m 80% typical conversion efficiency at 25mA 
m Input voltage range of 2.85V to 6.5V 

m Independent shutdown control pins 


Applications 

m Cellular phones 

Pagers 

PDAs . 

Handheld Instrumentation 

8. 3V to 5V Voltage Conversion Applications 


Typical Application and Connection Diagram 


Vin 
(2.85V to 6.5V) 





DS101141-1 


Ordering Information 


LM2686 





DS101141-2 


14-Pin TSSOP 


NSC Package . 
Order Number Package Type Supplied As 


LM2686MTC TSSOP-14 MTC14 94 Units, Rail 
LM2686MTCX TSSOP-14 MTC14 2.5k Units, Tape and Reel 
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Pin Description 


989CINT 


Pin No. | Name Function 

1 Power supply input voltage. 

2 GND™ Power supply ground. 

3 GND™ Power supply ground. 

4 GND“ Power supply ground. 

5 Chip enable input. This pin is high for normal operation and low for shutdown and Vpscw 
load disconnect. 

6 Shutdown input. This pin is low for normal operation and high for shutdown and Voesw 
load disconnect. 

7 ; Vine Power supply input voltage. 

8 No connection. 

9 No connection. 

10 Vos Regulated +5V output. 

11 Vos Output connected through a series switch, PSW. 

12 Output of doubled input voltage. 

13 C,* The positive terminal of doubling charge-pump capacitor, C1. 

14 Ci” The negative terminal of doubling charge-pump capacitor, C1. 


* All Vin pins, pin 1 and pin 7 must be tied together for proper operation. 
** All ground pins, pin 2, pin 3 and pin 4 must be tied together for proper operation. 
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LM2687 


National Semiconductor. 


LM2687 


Low Noise Regulated Switched Capacitor Voltage 


Inverter 


General Description 


The LM2687 CMOS Negative Regulated Switched Capacitor 
Voltage Inverter delivers a very low noise adjustable output 
for an input voltage in the range of +2.7V to +5.5V. Four low 
cost capacitors are used in this circuit to provide up to 10mA 
of output current. The regulated output for the LM2687 is ad- 
justable between -1.5V and —5.2V. The LM2687 operates at 
100 kHz (typical) switching frequency to reduce output resis- 


tance and voltage ripple. With an operating current of only — 


500 yA (charge pump power efficiency greater than 90% 


with most loads) and 0.05 UA typical shutdown current, the | 


M2687 provides ideal performance for cellular phone power 
amplifier bias and other low current, low noise negative volt- 
age needs. The device comes in a small 8-pin MSOP pack- 
age. 


Typical Application Circuit 





Connection Diagram 


Features | 

m Inverts and regulates the input supply voltage 

Small MSOP-8 package 

91% typical charge pump power efficiency at 10mA 
Low output ripple (1mV typical) 

Shutdown lowers Quiescent current to 0.05 yA (typical) 


Applications 
= Wireless Communication Systems 
~@ Cellular Phone Power Amplifier Biasing 
m Interface Power Supplies 
@ Handheld Instrumentation 
= Laptop Computers and PDA’s 


Viy (2.7 to 5.5) 


DS101180-1 


8-Pin MSOP 
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Ordering Information 


Device Order Number Package Number Package Marking* Supplies As 
LM2687MM MUA08A S12A Tape and Reel (1000 units/reel) 
LM2687MMX MUA08A S12A Tape and Reel (3500 units/reel) 


Note: * The small physical size of the MSOP-8 package does not allow for the full part number marking. Devices will be marked with the designation shown in the 
column Package Marking. 


Pin Description 


Pin No. Function 


Cap+ Positive terminal for C,. 

GND Ground. 

Negative terminal for C,. 

Active low, logic-level shutdown input. 
VNEG Negative unregulated output voltage. 


Feedback input. Connect V_, to an external resistor divider between Voy+ and a positive 
~ adjust voltage Van, (OSVap s<Vin). DO NOT leave unconnected. 


Vout Regulated negative output voltage. 
Positive power supply input. 


O},Oor; Ri as; hMs)— 
< le lols 
ow a nd 


co 
< 
Zz 
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LM2765 


AY vational Semiconductor 


LM2765__ tC 
Switched Capacitor Voltage Converter 


General Description Features 


The LM2765 CMOS charge-pump voltage converter oper- ™ Doubles Input Supply Voltage 

ates as a voltage doubler for an input voltage in the range of ™ SOT23-6 Package 

+1.8V to +5.5V. Two low cost capacitors and a diode are =m 20Q Typical Output Impedance 

used in this circuit to provide up to 20 mA of output.current. | 99% Typical Conversion Efficiency at 20 mA 
The LM2765 operates at 50 kHz switching frequency to re- =m 0.1/A Typical Shutdown Current . 
duce output resistance and voltage ripple. With an operating 

current of only 130 YA (operating efficiency greater than 90% i iar 

with most loads) and.0.1pA typical shutdown current, the Applications 
LM2765 provides ideal performance for battery powered ™ Cellular Phones 
systems. The device is manufactured in a SOT-23-6 pack- & Pagers 
age. m PDAs 


m Operational Amplifier Power Supplies — 
m Interface Power Supplies 
m@ Handheld Instruments 


Basic Application Circuit 


Voltage Doubler 
D, 


Viy (1.8V to 5.5V) 


V+ Vout Vout = 2V¥in 
LM2765 


CAP+ 





DS101281-1 
Connection Diagram 


6-Lead SOT (M6) 


2 cE cL 

2 5 DS101281-22 
Actual Size 

3 4 


DS101281-13 


Top View With Package Marking 


Ordering Information 


Number Marking 


Note 1: The small physical size of the SOT-23 package does not allow for the full part number marking. Devices will be marked with the designation shown in 
the column Package Marking. 
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Pin Description 


SOZCINT 


Pin | Name Function 
Power supply positive voltage input. 
2 GND Power supply ground input. 
3 Connect this pin to the negative terminal of the charge-pump 
capacitor. 

4 Shutdown control pin, tie this pin to ground in normal operation. 

5 Positive voltage output. 

6 Connect this pin to the positive terminal of the charge-pump 
Isr Capacitor. 
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LM276 


LM2766 


AY national Semiconductor 


Switched Capacitor Voltage Converter 


General Description 


The LM2766. CMOS charge-pump voltage converter oper- 
ates as a voltage doubler for an input voltage in the range of 
+1.8V to +5.5V. Two low cost capacitors and a diode are 
used in this circuit to provide up to 20 mA of output current. 


The LM2766 operates at 200 kHz switching frequency to re- 
duce output resistance and voltage ripple. With an operating 
current of only 350 UA (operating efficiency greater than 90% 
with most loads) and 0.1yA typical shutdown current, the 
LM2766 provides ideal performance for battery powered 
systems. The device is manufactured in a SOT-23-6 pack- 
age. 


Basic Application Circuit 


Features 
‘™ Doubles Input Supply Voltage 
_@ SOT23-6 Package 


m@ 20Q Typical Output Impedance 
m 90% Typical Conversion Efficiency at 20 mA 
m@ 0.1yA Typical Shutdown Current 


Applications 

m@ Cellular Phones 

m Pagers 

m PDAs 

= Operational Amplifier Power Supplies 
= Interface Power Supplies 

m Handheld Instruments 


Voltage Doubler 







Vin (1.8V to 5.5V) 









bes Vout > Vout = 2¥in 
: LM2766 oF 
CAP+ 
O 
CAP- 
DS101282-1 
Connection Diagram 
6-Lead SOT (M6) 
1 6 
2 e DS101282-22 
3 ; Actual Size 


DS101282-13 


Top View With Package Marking 


Ordering Information 
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Number Marking 


Note 1: The small physical size of the SOT-23 package does not allow for the full part number marking. Devices will be marked with the designation shown in 
the column Package Marking. 
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Pin Description 


Pin | Name Function 
1 Power supply positive voltage input. 
2 GND Power supply ground input. 
3 CAP- Connect this pin to the negative terminal of the charge-pump capacitor. 
4 Shutdown control pin, tie this pin to V+ in normal operation. 
5 Positive voltage output. 
6 Connect this pin to the positive terminal of the charge-pump capacitor. 
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LM2767 





A ational Semiconductor 


LM2767 . 2 : | 
Switched Capacitor Voltage Converter 


General Description Features 


The LM2767 CMOS charge-pump voltage converter oper- ™ Doubles Input Supply Voltage 

ates as a voltage doubler for an input voltage in the range of ™ SOT23-5 Package 

+1.8V to +5.5V. Two low cost capacitors and a diode are =m 20Q Typical Output Impedance 

used in this circuit to provide at least 15 mA of output current. —™ 96% Typical Conversion Efficiency at 15mA 


The LM2767 operates at 11 kHz switching frequency to 
avoid audio voice-band interference. With an operating cur- Applications 
rent of only 40 yA (operating efficiency greater than 90% with 
most loads), the LM2767 provides ideal performance for bat- 
tery powered systems. The device is manufactured in a 
SOT23-5 package. 


= Cellular Phones 

m Pagers 

m PDAs, Organizers 

m Operational Amplifier Power Suppliers 
= Interface Power Suppliers 

™ Handheld Instruments 


Basic Application Circuit 


Voltage Doubler 
D, 


a” 7 


Vout 


LM2767 
CAP+ 






Vin (1.8V to 5.5V) 
Vout = 2Vin 






Co 








CAP- GND 





DS101274-1 


Ordering Information 


Number Marking 
S17B (Note 1) 





Note 1: The small physical size of the SOT-23 package does not allow for the full part number marking. Devices will be marked with the designation shown in 
the column Package Marking. 
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Connection Diagram 


5-Lead SOT (M5) 


aZls 


DS101274-13 


Top View With Package Marking 
Pin Description 
Pin 


Vout 
GND 


3 CAP- 


V+ 
5 CAP+ 


RO 


DS101274-22 


Actual Size 


Function 
Positive voltage output. 
Power supply ground input. 
Connect this pin to the negative terminal of the 
charge-pump capacitor. 
Power supply positive voltage input. 


Connect this pin to the positive terminal of the 
charge-pump capacitor. 
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LM3350 





LM3350 | 
Switched Capacitor Voltage 


General Description 


The LM3350 is a CMOS charge-pump voitage converter 
which efficiently provides a 3.3V to 5V step-up, or 5V to 3.3V 
step-down. The LM3350 uses four small, low cost capacitors 


National Semiconductor 


Converter 


m 4.2Q typical step-up output impedance _ 

m 1.8Q typical step-down output impedance 

m 90% typical power conversion efficiency at'50 mA 
m 250 nA typical shutdown current 


to provide the voltage conversion. It eliminates the cost, size 


and radiated EMI related to inductor based circuits, or the 
power loss of a linear regulator. Operating power conversion 
efficiency greater than 90% provides ideal performance for 


battery powered portable systems. 


Features 

m Conversion of 3.3V to 5V, or 5V to 3.3V 
= Small Mini SO-8 package 

m= No inductor required 


The architecture provides a fixed voltage conversion ratio of 


3/2 or 2/3. Thus it can be used for other DC-DC conversions 


as well. 


Key Specifications 
™ 800 kHz switch frequency allows use of very small, 
inexpensive capacitors. 


Ordering Information 


NSC Package Package 


Mini SO-8 MUA08A SO0A 3500k Units on Tape and Reel 
Mini SO-8 MUA08A SOOA 1000 Units on Tape and Reel 


LM3350MMX 
LM3350MM 


Basic Operating Circuits 


Step-Up Converter 
Vin = 3.3V 


LM3350 





DS100002-1 


Connection Diagram 


Applications. 

m Any mixed 5V and 3.3V system 
m Laptop computers and PDAs 

m™ Handheld instrumentation 

= PCMCIA cards 


Supplied As 


Step-Down Converter 
Vin = OV 






LM3350 


Vaur = 3aV 


DS100002-2 


Mini SO8 Package 


Capi+ i Y 8 Enable 
Cap1- 2 7 Vhigh 
Cap2+—43 6 F— GND 
Cap2-——4 4 oT Viow 
DS100002-3 
Top View 
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LM3351 


Nattonal Semiconductor 


Switched Capacitor Voltage Converter 


General Description 


The LM3351 is a CMOS charge-pump voltage converter 
which efficiently provides a 3.3V to 5V step-up, or 5V to 3.3V 
step-down. The LM3351 is pin for pin compatible with the 
LM3350 but consumes 66% less quiescent current. The 
LM3351 uses four small, low cost capacitors to provide the 
voltage conversion. It eliminates the cost, size and radiated 
EMI related to inductor based circuits, or the power loss of a 
linear regulator. Operating power conversion efficiency 
greater than 90% provides ideal performance for battery 
powered portable systems. 


The architecture provides a fixed voltage conversion ratio of 
3/2 or 2/3. Thus it can be used for other DC-DC conversions 
as well. 


Key Specifications 


@ 200 kHz switch frequency allows use of very small, 
inexpensive capacitors. 


Ordering Information 


NSC Package Package 
d 
Mini SO-8 MUAO8A SO5A 3500 Units on Tape and Reel 
Mini SO-8 MUAO08A SO5A 1000 Units on Tape and Reel 


LM3351MMX 
LM3351MM 


Basic Operating Circuits 


Step-Up Converter 
Viy = 3.3V 


Your = 2% 


LM3351 





DS100146-1 


Connection Diagram 


Features 


4.2Q typical step-up output impedance 
1.8Q typical step-down output impedance 

95% typical power conversion efficiency at 50 mA 
250 nA typical shutdown current 
Low quiescent current extends battary life 


= Conversion of 3.3V to 5V, or 5V to 3.3V 
= Small Mini SO-8 package 
m No inductor required 


Applications 

m Any mixed 5V and 3.3V system 
= Laptop computers and PDAs 

m Handheld instrumentation 

m PCMCIA cards 






Mini SO8 Package 


Capit 1 Y 8 Enable 
Capt- 2 7 Vhigh 
Cap2t 3 6 GND 
Cap2- 4 5 View 
DS100146-3 
Top View 
19-23 


Step-Down Converter 
Vin =5V 


LM3351 


Supplied As 


Your = 3:3¥ 


DS100146-2 
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LM3352 


National Semiconductor 


Regulated 200 mA Buck-Boost Switched Capacitor 


DC/DC Converter 


General Description 


The LM3352 is a CMOS switched capacitor DC/DC con- 
verter that produces a regulated output voltage by automati- 
cally stepping up (boost) or stepping down (buck) the input 
voltage. It accepts an input voltage between 2.5V and 5.5V. 
The LM3352 is available in three standard output voltage 
versions: 2.5V, 3.0V and 3.3V. If other output voltage options 
between 1.8V and 4.0V are desired, please contact your Na- 
tional Semiconductor representative. 

The LM3352’s proprietary buck-boost architecture enables 
up to 200 mA of load current at an average efficiency greater 
than 80%. Typical operating current is only 400 YA and the 
typical shutdown current is only 2.5 yA. 

The LM33852 is available in a 16-pin TSSOP package. This 
package has a maximum height of only 1.1 mm. 

The high efficiency of the LM3352, low operating and shut- 
down currents, small package size, and the small size of the 
overall solution make this device ideal for battery powered, 
portable, and hand-held applications. 


Features 


m Regulated Voy+ with +3% accuracy 
m Standard output voltage options: 2.5V, 3.0V and 3.3V 


Typical Operating Circuit 


Z69N7 
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D 
LM3392 


Custom output voltages available from 1.8V to 4.0V in 
100 mV increments . 

2.5V to 5.5V input voltage 

Up to 200 mA output current 

>80% average efficiency 

Uses few, low-cost external components 

Very small solution size. 

400 A typical operating current 

2.5 A typical shutdown current 

1 MHz switching frequency (typical) 

Architecture and control methods provide high load 
current and good efficiency 

TSSOP-16 package 

m= Over-temperature protection 


Applications 

m@ 1-cell Lilon battery-operated equipment including PDAs, 
hand-held PCs, cellular phones 

m= Flat panel displays 

m Hand-held instruments 

m NiCd, NiMH, or alkaline battery powered systems 

B 3.3V to 2.5V and 5.0V to 3.3V conversion 





0.33 uF 


DS101037-1 
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Connection Diagram 


e 
1 

2 
3 
4 
5 
6 
i 
8 





DS101037-2 


Top View 
TSSOP-16 Pin Package 
See NS Package Number MTC16 


Ordering Information 


LM3352MTCX-2.5 2.5k Units, Tape and Reel 
[MGas2MTC-2.5 94 Units, Fal 
LM3352MTCX-3.0 2.5k Units, Tape and Reel 
LM3352MTCX-3.3 2.5k Units, Tape and Reel 
[MGB52MTO-3.3 94 Units, Fal 


Pin Description 






















ae a 
[scar Postive Terminal for G2 
6 Negative Terminator 7 
[8 | Vour | Regulated Output Votage SSS 
[—e[end[erun® SCSC—~—SCS 
[10 [Vm | tnput Supply Votlage SSS 
[a1 [- Ne] is pin must be teft unconnected 
[2 end eroun®§ SOCSC—~S 
[13 [85 __| Active Low CMOS Logic-Level Shutdown Input 
[14ND Grn? SSCS 
[15__[ Cru Fiter Capacton| A 1 uF ceramio capacitors suggested | 
[16 eno [Goma SSCS—~—SCS 


*All GND pins of the LM3352 must be connected to the same ground. 
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LM8&28 


National Semiconductor 


Switched Capacitor Voltage Converter 


General Description 


The LM828 CMOS charge-pump voltage converter inverts a 
positive voltage in the range of +1.8V to +5.5V to the corre- 
sponding negative voltage of -1.8V to —5.5V. The LM828 
uses two low cost capacitors to provide up to 25 mA of out- 
put current. 


The LM828 operates at 12 kHz switching frequency to re- 
duce output resistance and voltage ripple. With an operating 
current of only 40 yA (operating efficiency greater than 96% 
with most loads), the LM828 provides ideal performance for 
battery powered systems. The device is in a tiny SOT-23-5 
package. 


Basic Application Circuits 





+5V 


Features 

m Inverts Input Supply Voltage 

m SOT-23-5 Package 

# 200 Typical Output Impedance 

m 97% Typical Conversion Efficiency at 5 mA 


Applications 

m= Cellular Phones 

Pagers 

PDAs 

Operational Amplifier Power Supplies 
Interface Power Supplies 

Handheld Instruments 


Voltage Inverter 


VIN (1.8V to 5.5V) 


Vout = ~Yin 


Co 


DS100137-1 


+5V to -10V Converter 





DS100137-2 
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National Semiconductor 





LMC7660 
Switched Capacitor Voltage Converter 


General Description Features 
The LMC7660 is a CMOS voltage converter capable of con- ™ Operation over full temperature and voltage range 
verting a positive voltage in the range of +1.5V to +10V to without an external diode 


the corresponding negative voltage of -1.5V to —-10V. The 
LMC7660 is a_ pin-for-pin replacement for the 
industry-standard 7660. The converter features: operation 
over full temperature and voltage range without need for an 
external diode, low quiescent current, and high power effi- 
ciency. 

The LMC7660 uses its built-in oscillator to switch 4 power 
MOS switches and charge two inexpensive electrolytic ca- 
pacitors. 


Low supply current, 200 pA max 
Pin-for-pin replacement for the 7660 
Wide operating range 1.5V to 10V 

97% Voltage Conversion Efficiency 

95% Power Conversion Efficiency 

Easy to use, only 2 external components 
Extended temperature range 

Narrow SO-8 Package 


Block Diagram 





[Se -4C are F - 43) 
i i 


out 


DS009136-1 


Pin Configuration 


N/c [1] 
Cap + 
Gnd 
Cap = 





DS009136-2 


Ordering Information 


Package Temperature Range 
Industrial 
-40°C to +85°C 


8-Lead Molded DIP LMC7660IN | = NOSE 
8-Lead Molded Small Outline LMC7660IM MO8A 






NSC 
Drawing 
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MAX660 


A vationat Semiconductor 


MAX660 


Switched Capacitor Voltage Converter 


General Description 


The MAX660 CMOS charge-pump voltage converter inverts 
a positive voltage in the range of 1.5V to 5.5V to the corre- 


- sponding negative voltage. The MAX660 uses two low cost 


capacitors to provide 100 mA of output current without the 
cost, size, and EMI related to inductor based converters. 
With an operating current of only 120 yA and operating effi- 
ciency greater than 90% at most loads, the MAX660 pro- 
vides ideal performance for battery powered systems. The 
MAX660 may also be used as a positive voltage doubler. 
The oscillator frequency can be lowered by adding an exter- 
nal capacitor to the OSC pin. Also, the OSC pin may be used 
to drive the MAX660 with an external clock. A frequency con- 
trol (FC) pin selects the oscillator frequency of 10 kHz or 80 
KHz. 


Typical Application Circuits 


Voltage Inverter 








CAP+ 
MAX660 





DS100898-1 


Connection Diagram 


Features 

@ Inverts or doubles input supply voltage 

m Narrow SO-8 Package | 

B 6.5Q typical output resistance 

m@ 88% typical conversion efficiency at 100 mA 

m Selectable oscillator frequency: 10 kKHz/80 kHz 


Applications 

m Laptop computers 

m Cellular phones 

= Medical instruments 

m Operational amplifier power supplies 
m Interface power supplies 

@ Handheld instruments 


Positive Voltage Doubler 
*D, 









FC 











CAP+ OSC 
MAX660 





*See Application Information for selecting D, 
DS100898-2 


8-Lead SO 





FC 


CAP+ 





GND 


CAP- 


Ordering Information 
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MAX660M 
MAX660M 
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Osc 







DS100898-5 


Top View 









Section 20 
Wireless 
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PRELIMINARY 
National Semiconductor 


LMX1600/LMX1601/LMX1602 
PLLatinum™ Low Cost Dual Frequency Synthesizer 
LMX1600 2.0 GHz/500 MHz 


LMX1601 1.1 GHz/500 MHz 
LMX1602 1.1 GH2/1.1 GHz 


CO9LXINT/LO9SLXIN 1/009 LXW1T 


General Description 


The LMX1600/01/02 is part of a family of monolithic inte- Features 
grated dual frequency synthesizers designed to be used ina 2 
local oscillator subsystem for a radio transceiver. It is fabri- Bee Se Nao GY epoeten 
cated using National’s 0.5u ABIC V silicon BICMOS process. ® Rie ada ter co; 
m yp) for 
The LMX1600/01/02 contains two dual modulus prescalers, 5 mA @ 3V (typ) for LMX1600 or LMX1602 
four programmable counters, two phase detectors and two = PLLP d ne meee ty ee eee 
selectable gain charge pumps necessary to provide the con- bebe thie ciate or BA Pe 
trol voltage for two external loop filters and VCO loops. Digi | Dual modulus prescaler: . 
tal filtered lock detects for both PLLs are included. Data is — 2 GHz/500 MHz option: =— (Main) 32/33 (Aux) 8/9 
transferred into the LMX1600/01/02 via a MICROWIRE™ — 1.1 GHz/S500 MHz ppEen: (Main) 16/17 (Aux) 8/9 
serial interface (Data, Clock, LE). <a : | GH2/M .1 GHz option: (Main) 16/17 (Aux) 16/17 
Voc supply voltage can range from 2.7V to 3.6V. The = Digital Filtered Lock Detects 
LMX1600/01/02 features very low current consumption - 7 r 
typically 4.0 mA at 3V for LMX1601, 5.0 mA at 3v for Applications 
LMX1600 or LMX1602. Powerdown for the PLL is hardware _™ Cordless / Cellular / PCS phones 
controlled. ™ Other digital mobile phones 
The LMX1600/01/02 is available in a 16 pin TSSOP surface 
mount plastic package. 


Functional Block Diagram 
: 
IDM AIN Prescaler N COUNTER 


12-Bit Main 
R COUNTER 
12-Bit Aux 

R COUNTER F 


re Aux 16-Bit Aux 
AUX Prescaler E N = it 
Clock 
18-Bit 
Data DATA REGISTER 
LE 


ENWAIN 
ENaux 


PHASE “\_j CHARGE cP 
Roe COMP PUMP OMAIN 
LD 
Four/ 


Lock 
Detect Fo/LD 















MUX 


Aux 
i LD 
PHASE CHARGE 
COMP PUMP CreKUy 














POWER DOWN 
CONTROL 





DS100129-1 
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LMX1600/LMX1601/LMX1602 


Connection Diagram 


OQ 

It 
° 

Lu. 


oS @ 
2 o 
oO -a 





EI 
= 
ui 

=| 


OSC 
OSCour 


GND 


f 
IN pu 


[el [s] E] [Ss] Fe 


Yee guy 
6 


7 
>< 
2 
< 

Zz 
Lu 


© AUX 


2 

= 

= 
z 
Lij 


jes 
© 


PLE 


GND 


f 
IN WAIN 
V 
1 CC ain 


ole MAIN 


DS100129-22 


Order Number LMX1600SLB, LMX1601SLB, or 


LMX1602SLB 
NS Package Number SLB16A 


Pin Descriptions 





Pin No. for mn ne: ref 
16pincsp | 1oPIn 
aa e aad 
9 Package 
: 
3 
4 
Riad 


9 10 CPomain 


10 


as 
Ss 


(ee) 

m m 
‘| # 
$ C 
ma x 


Vocwain 


11 
12 
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2) 


FoLD Clock 
OSC, Data 
OSCau: LE 
GND GND 
fingux FIM AIN 
Vecaux VCCMAIN 
CPoayx CPOWAIN 
ENaux ENWAIN 





. DS100129-2 
Order Number LMX1600TM, LMX1601TM, or 


LMX1602TM 
NS Package Number MTC16 


Description 


Multiplexed output of the Main/Aux programmable or reference dividers 
and Main/Aux lock detect. CMOS output. (See Programming 
Description 2.5) 

PLL reference input which drives both the Main and Aux R counter 
inputs. Has about 1.2V input threshold and can be driven from an 
external CMOS or TTL logic gate. Typically connected to a TCXO 
output. Can be used with an external resonator (See Programming 
Description 2.5.4). 

Oscillator output. Used with an external resonator. 

Aux PLL ground. 

Aux prescaler input. Small signal input from the VCO. 

Aux PLL power supply voltage input. Must be equal to Vec,,.,,. May 
range from 2.7V to 3.6V. Bypass capacitors should be placed as close 
as possible to this pin and be connected directly to the ground plane. 
Aux PLL Charge Pump output. Connected to a loop filter for driving the 
control input of an external VCO. 


Powers down the Aux PLL when LOW (N and R counters, prescaler, 
and tristates charge pump output). Bringing ENayx HIGH powers up the 
Aux PLL. 

Powers down the Main PLL when LOW (N and R counters, prescaler, 
and tristates charge pump output). Bringing ENyain HIGH powers up 
the Main PLL. 

Main PLL Charge Pump output. Connected to a loop filter for driving the 
control input of an external VCO. 

Main PLL power supply voltage input. Must be equal to Vcc,,,,. May 
range from 2.7V to 3.6V. Bypass capacitors should be placed as close 
as possible to this pin and be connected directly to the ground plane. 


| 12 tina | Main prescaler input. Small signal input from the VCO. 
[a3 [enn [| — _| Main PLL ground, 
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Pin Descriptions (Continued) 






Pin No. for 





Pin No. for 16-pin 
16-pin CSP TSSOP Pin Name /0 
Package 


Package 


Description 


Load enable high impedance CMOS input. Data stored in the shift 
registers is loaded into one of the 4 internal latches when LE goes 
HIGH (control bit dependent). 

High impedance CMOS input. Binary serial data input. Data entered 
MSB first. The last two bits are the control bits. 

High impedance CMOS Clock input. Data for the various counters is 
clocked in on the rising edge, into the 18-bit shift register. 
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LMX2306/LMX2316/ LMX2326 





AY national Semiconductor 


LMX2306/LMX2316/LMX2326 
PLLatinum™ Low Power Frequency Synthesizer for RF 


Personal Communications 
LMX2306 550 MHz 
LMX2316 1.2 GHz 
LMX2326 2.8 GHz 


General Description 


The LMX2306/16/26 are monolithic, integrated frequency 
synthesizers with prescalers that are designed to be used to 
generate a very stable low noise signal for controlling the lo- 
cal oscillator of an RF transceiver. They are fabricated using 
National’s ABiC V silicon BiCMOS 0.5 process. 


The LMX2306 contains a 8/9 dual modulus prescaler while 
the LMX2316 and the LMX2326 have a 32/33 dual modulus 
prescaler. The LMX2306/16/26 employ a digital phase 
locked loop technique. When combined with a high quality 
reference oscillator and loop filter, the LMX2306/16/26 pro- 
vide the feedback tuning voltage for a voltage controlled os- 
cillator to generate a low phase noise local oscillator signal. 
Serial data is transferred into the LMX2306/16/26 via a three 
wire interface (Data, Enable, Clock). Supply voltage can 
range from 2.3V to 5.5V. The LMX2306/16/26 feature ultra 
low current consumption; LMX2306 - 1.7 mA at 3V, 
LMX2316 - 2.5 mA at 3V, and LMX2326 - 4.7 mA at 3V. 


The LMX2306/16/26 synthesizers are available in a 16-pin 
TSSOP surface mount plastic package. 


Functional Block Diagram 


14-BIT 
R COUNTER 






OSC, Osc 
CLOCK 
‘ 21-BIT 
DATA REGISTER 
DATA 


18-BIT 
fin PRESCALER N COUNTER 
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Features 
m 2.3V to 5.5V operation 
m@ Ultra low current consumption 
m@ 2.5V Voc JEDEC standard compatible 
m™ Programmable or logical power down mode: 
—Ioc = 1 YA typical at 3V 
m Dual modulus prescaler: 
— LMX2306 8/9 
— LMX2316/26 32/33 
m™ Selectable charge pump TRI-STATE® mode 
m Selectable FastLock™ mode with timeout counter 
= MICROWIRE™ Interface 
m@ Digital Lock Detect 


Applications 

Portable wireless communications (PCS/PCN, cordless) 
Wireless Local Area Networks (WLANs) 

Cable TV tuners (CATV) 

Pagers 

Other wireless communication systems 


> 












PHASE CHARGE cP 
COMP. PUMP 0 
18-BIT 
FUNCTION 

LOCK 

LATCH DETECT FastLock Fil. 
rane FoLD 

MUX FoLD 


DS100127-1 


Connection Diagrams 


LMX2306/16/26 LMX2306/16/26 


oO 
vu 
° 
> 
— 
° 
<= 
= 





GND 


fe) ) 
Top View 


Vec2 








GND F./LD 


a eS) 
TOP VIEW ra LE 
1 


fIN 


9ZECXIN 1/9 LECXIN T/90ECXIN I 


fin Data 


2 
3 
4 
5 
6 
7 
8 





veot| [3] Co) 2) Ce] Ee] J ome 
OSC, GND CE 
DS100127-2 DS100127-19 
16-Lead (0.173” Wide) Thin Shrink Smail Outline 16-pin Chip Scale Package 
Package(TM) Order Number LMX2306SLBX, LMX2316SLBX or 
Order Number LMX2306TM, LMX2306TMX, LM2326SLBX 
LMX2316TM, LMX2316TMX, See NS Package Number SLB16A 


LMX2326TM or LMX2326TMX 
See NS Package Number MTC16 


Pin Descriptions 


16-Pin | 16-Pin /O Description 
TSSOP | CSP 
1. 15 FL, FastLock Output. For connection of parallel resistor to the loop filter. (See Section 1.3.4 
a ead FASTLOCK MODES description.) 


2 ee | Charge Pump Output. For connection to a loop filter for driving the input of an external 
VCO. 

3 | 4 | GND | | Charge Pump Ground. 

4 | 2 | GND |__| Analog Ground 

5 fin 


3 f RF Prescaler Complementary Input. A bypass capacitor should be placed as close as 
possible to this pin and be connected directly to the ground plane. The complementary input 
can be left unbypassed, with some degradation in RF sensitivity. 


RF Prescaler Input. Small signal input from the VCO. 


Analog Power Supply Voltage Input. Input may range from 2.3V to 5.5V. Bypass capacitors 
should be placed as close as possible to this pin and be connected directly to the ground 
plane. Voc; must equal Veco. 


Oscillator Input. This input is a CMOS input with a threshold of approximately V.,/2 and an 
equivalent 100k input resistance. The oscillator input is driven from a reference oscillator. 


Digital Ground. 


10 CE Chip Enable. A LOW on CE powers down the device and will TRI-STATE the charge pump 
output. Taking CE HIGH will power up the device depending on the status of the power 
down bit F2. (See Section 1.3.1 POWERDOWN OPERATION and Section 1.7.1 DEVICE 
PROGRAMMING AFTER FIRST APPLYING V¢¢.) 


11 Clock High Impedance CMOS Clock Input. Data for the various counters is clocked in on the 
rising edge into the 21-bit shift register. 

12 10 Data Binary Serial Data Input. Data entered MSB first. The last two bits are the control bits. High 
impedance CMOS input. 


13 11 LE Load Enable CMOS Input. When LE goes HIGH, data stored in the shift registers is loaded 
into one of the 3 appropriate latches (control bit dependent). 


14 12 Fo/LD Multiplexed Output of the RF Programmable or Reference Dividers and Lock Detect. CMOS 
output. (See Table 4.) 

15 13 Voce Digital Power Supply Voltage Input. Input may range from 2.3V to 5.5V. Bypass capacitors 
should be placed as close as possible to this pin and be connected directly to the ground 
plane. Voc; Must equal Veco. 


16 p14 Mee | | Power Supply for Charge Pump. Must be = Voc. 
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LMX2324 





LMX2324 


PRELIMINARY 


National Semiconductor 


PLLatinum™ 2.0 GHz Frequency Synthesizer for RF 


Personal Communications 


General Description 


The LMX2324 is a high performance frequency synthesizer 
with integrated 32/33 dual modulus prescaler designed for 
RF operation up to 2.0 GHz. Using a proprietary digital 
phase locked loop technique, the LMX2324’s linear phase 
detector characteristics can generate very stable, low noise 
control signals for UHF and VHF voltage controlled oscilla- 
tors. , 

Serial data is transferred into the LMX2324 via a three-line 
MICROWIRE™ interface (Data, LE, Clock). Supply voltage 
range is from 2.7V to 5.5V. The LMX2324 features very low 
current Consumption, typically 3.5 mA at 3V. The charge 
pump provides 4 mA output current. 

The LMX2324 is manufactured using National’s ABiC V 
BiCMOS process and is packaged in a 16-pin TSSOP and a 
16-pin Chip Scale Package (CSP). 


Functional Block Diagram 
10-BIT 


18-BIT 
MICROWIRE 
INTERFACE 


15-BIT 
N COUNTER 


OSC. 


in 





CLOCK 
LE 
DATA 












PRESCALER 
32/33 
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Features 

m™ RF operation up to 2.0 GHz 

m 2.7V to 5.5V operation 

m™ Low current consumption: Ioc = 3.5 MA (typ) at Veg = 
3.0V 

= Dual modulus prescaler: 32/33 

m Internal balanced, low leakage charge pump 


Applications 

™@ Cellular telephone systems (GSM, NADC, CDMA, PDC) 

= Personal wireless communications (DCS-1800, DECT, 
CT-1+) 

m Wireless local area networks (WLANs) 

m= Other wireless communication systems 











CHARGE 


PUMP CP 


POWER 
DOWN 
CONTROL 
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Connection Diagrams 


TSSOP 16-Pin Package 


Data 
Clock 
NC 
NC 
OSC. 


in 





DS101030-2 


Order Number LV¥“"324TM, LM2324TMX 
See NS Pack: = Number MTC16 


Pin Descriptions 


Pin No. v0 
TSSOP16 CSP16 
ae as ee 
a [3 [oo | —_ 
| aa 
an a a Te ee 
(ian RE ae Re oe 
s | 7 [nr] 
fo = ={| 9 | NC TT 
dd eka 
ei a 
“Te Te 
| 18 | no | _ 
i ee ee oe eee 
wee ch he 


VoECXIN] 


CSP 16-Pin Package 


Wage CE. ~ ONE 


oe) 
a ra 
of rm 


NC 


EE 


Data 


Clock 


Cs] Le] (2) Le] J 


DS101030-3 


NC 





Top View 
Order Number LMX2324SLBX 
See NS Package Number SLB16A 


Description 


Power supply for charge pump. Must be = Voc 


Internal charge pump output. For connection to a loop filter for driving the 
voltage control input of an external oscillator. 


Ground. 


RF prescaler complimentary input. In single-ended mode, a bypass 
capacitor should be placed as close as possible to this pin and be 
connected directly to the ground plane. The LMX2324 can be driven 
differentially when the bypass capacitor is omitted. 


RF prescaler input. Small signal input from the voltage controlled oscillator. 
No Connect 
No Connect 


Oscillator input. A CMOS inverting gate input. The input has a V.,/2 input 
threshold and can be driven from an external CMOS or TTL logic gate. 


No Connect 


High impedance CMOS Clock input. Data is clocked in on the rising edge, 
into the various counters and registers. 


Binary serial data input. Data entered MSB first. LSB is control bit. High 
impedance CMOS input. 


Load Enable input. When Load Enable transitions HIGH, data is loaded 
into either the N or R register (control bit dependent). See timing diagram. 


No Connect 
No Connect 


CHIP Enable. A LOW on CE powers down the device asynchronously and 
will TRI-STATE® the charge pump output. 

Power supply voltage input. Input may range from 2.7V to 5.5V. Bypass 
capacitors should be placed as close as possible to this pin and be 
connected directly to the ground plane. 
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LMX2330A/LMX2331 A/LMX2332A 


AY vationat Semiconductor 


LMX2330A/LMX2331 A/LMX2332A 
PLLatinum™ Dual Frequency Synthesizer for RF 


www.national.com 


Personal Communications 


LMX2330A 2.5 GHz2/510 MHz 
LMX2331A 2.0 GH2/510 MHz 
LMX2332A 1.2 GHz2/510 MHz 


General Description 


The LMX233xA family of monolithic, integrated dual fre- 
quency synthesizers, including prescalers, is to be used as a 
local oscillator for RF and first IF of a dual conversion trans- 
ceiver. It is fabricated using National’s ABiC IV silicon 
BiCMOS process. 


The LMX233xA contains dual modulus prescalers. A 64/65 
or a 128/129 prescaler (32/33 or 64/65 in the 2.5 GHz 
LMX2330A) can be selected for the RF synthesizer and a 
8/9 or a 16/17 prescaier can be selected for the IF synthe- 
sizer. LMX233XA, which employs a digital phase locked loop 
technique, combined with a high quality reference oscillator 
and loop filters, provides the tuning voltages for voltage con- 
trolled oscillators to generate very stable low noise RF and 
IF local oscillator signals. Serial data is transferred into the 
LMX233xA via a three wire interface (Data, Enable, Clock). 
Supply voltage can range from 2.7V to 5.5V. The LMX233xA 
family features very low _ current consumption; 
LMX2330A—13 mA at 3V, LMX2331A—12 mA at 3V, 
LMX2332A—8 mA at 8V. 


Functional Block Diagram 


IF 
Prescaler 


15-BiT IF 
N COUNTER 


fin IF 





| 15~-BiT IF 

R COUNTER 

15-BIT RF | 
R mf 


| RF 18-BIT RF 
Prescaler ue N =n 















fin RF 


CLOCK 22-BIT 
DATA DATA REGISTER 
LE 





The LMX233xA are available in a TSSOP 20-pin surface 
mount plastic package. 


Features 
2.7V to 5.5V operation 
Low current consumption 
Selectable powerdown mode: Icc = 1 HA typical at 3V 
Dual modulus prescaler: 
LMX2330A (RF) 32/33 or 64/65 
LMX2331A/32A (RF) 64/65 or 128/129 
LMX2330A/31A/32A (IF) 8/9 or 16/17 
Selectable charge pump TRI-STATE® mode 
Selectable FastLock™ mode 
Small outline, plastic, surface mount TSSOP 0.173" 
wide package 


Applications 

m Portable Wireless Communications (PCS/PCN, cordless) 
m= Cordless and cellular telephone systems 

m Wireless Local Area Networks (WLANs) 

m Cable TV tuners (CATV) 

m@ Other wireless communication systems 
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Connection Diagram 


Pin Description 


Pin 
No. 
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Thin Shrink Small Outline Package (TM) 
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Top View 
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Order Number LMX2330ATM, LMX2331ATM or LMX2332ATM 
NS Package Number MTC20 


Description 


Power supply voltage input for RF analog and RF digital circuits. Input may range from 2.7V to 
5.5V. Voc1 must equal Voc2. Bypass capacitors should be placed as close as possible to this 
pin and be connected directly to the ground plane. 

Power Supply for RF charge pump. Must be = Vcc. 


Internal charge pump output. For connection to a loop filter for driving the input of an external 
VCO. 


Ground for RF digital circuitry. 

RF prescaler input. Small signal input from the VCO. 

RF prescaler complementary input. A bypass capacitor should be placed as close as possible to 
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of 
sensitivity. 

Ground for RF analog circuitry. 

Oscillator input. The input has a V¢-/2 input threshold and can be driven from an external CMOS 
or TTL logic gate. 

Ground for IF digital, MICROWIRE™, F,LD, and oscillator circuits. 

Multiplexed output of the RF/IF programmable or reference dividers, RF/IF lock detect signals 
and Fastlock mode. CMOS output (see Programmable Modes). . 

High impedance CMOS Clock input. Data for the various counters is clocked in on the rising 
edge, into the 22-bit shift register. 

Binary serial data input. Data entered MSB first. The last two bits are the control bits. High 
impedance CMOS input. 

Load enable high impedance CMOS input. When LE goes HIGH, data stored in the shift registers 
is loaded into one of the 4 appropriate latches (control bit dependent(. 


-Ground for IF analog circuitry. 


IF prescaler complementry input. A bypass capacitor should be placed as close as possible to 
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of 
sensitivity. 

IF prescaler input. Small signal input from the VCO. 

Ground for IF digital, MICROWIRE, FLD, and oscillator circuits. 

IF charge pump output. For connection to a loop filter for driving the input of an external VCO. 
Power Supply for IF charge pump. Must be = Veo. 
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LMX2330A/LMX2331 A/LMX2332A 


Pin Description (Continued) 


Pin i | 
l Description 
20 Voc2 Power supply voltage input for IF analog, IF digital, MICROWIRE, FLD, and oscillator circuits. 
Input may range from 2.7V to 5.5V. Vec2 must equal Voc1. Bypass capacitors should be placed 


as close as possible to this pin and be connected directly to the ground plane. 


Block Diagram 






























































Fout/ 1X 20 ie 
Lock Detect/ IF Charge cc 
RF Fastlock IF | 
Lock Multiplexer Lock 
Detect Detect 19 
Vp2 
RF IF 
Phase Fp2 Phase 18 
Detector Detector : D, IF 
17 
Swallow GND 
Control 
fa RF 5 Programmable Programmable IF Prescalar 16 f., IF 
_ ae RF Prescalar 18-Bit (RF) 15-Bit (IF) (8/9 or | Gj IN 
N~Counter N-Counter 16/17) 
= 6 15 _ 
PWDN Latch Latch PWDN 
7 14 
GND = ; . mom GND 
5-Bit Mode Latch i 15-Bit Ri-Latch a 
8 P ble 15—Bit 8 sane) 13 
rogrammable -Bi Decod 
OSC, “wa (R1) Reference Counter See. LE 
GND 9 Programmable 15-Bit 
| (R2) Reference Counter | 20-Bit Shift Register 12 ks 
= 5-Bit Mode Latch ; 





; aa 5-Bit R2 L 
10 1 it R2 Latch Ee 7 
FLD Clock 


ts) 
DS012331-27 


Notes: 
The RF prescaler for the LMX2331A/32A is either 64/65 or 128/129, while the prescaler for the LMX2330A is 32/33 or 64/65. 


Vcci supplies power to the RF prescaler, N-counter, R-counter and phase detector. Vcc2 supplies power to the IF prescaler, N-counter, phase detector, 
rh along with the OSC;, buffer, MICROWIRE, and Fo>LD. Voc1 and Vec2 are clamped to each other by diodes and must be run at the same voltage 
evel. 


Vp1 and Vp2 can be run separately as long as Vp > Vcc. 
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National Semiconductor 


LMX2330L/LMX2331L/LMX2332L 
PLLatinum™ Low Power Dual Frequency Synthesizer for 
RF Personal Communications 


LMX2330L 2.5 GH2/510 MHz 
LMX2331L 2.0 GHz/510 MHz 
LMX2332L 1.2 GHz/510 MHz 


General Description 


The LMX233XL family of monolithic, integrated dual fre- 
quency synthesizers, including prescalers, is to be used as a 
local oscillator for RF and first IF of a dual conversion trans- 
ceiver. It is fabricated using National’s 0.5u ABiC V silicon 
BiCMOS process. 


The LMX233XL contains dual modulus prescalers. A 64/65 
or a 128/129 prescaler (32/33 or 64/65 in the 2.5 GHz 
LMX2330L) can be selected for the RF synthesizer and a 8/9 
or a 16/17 prescaler can be selected for the IF synthesizer. 
LMX233XL, which employs a digital phase locked loop tech- 
nique, combined with a high quality reference oscillator, pro- 
vides the tuning voltages for voltage controlled oscillators to 
generate very stable, low noise signals for RF and IF local 
oscillators. Serial data is transferred into the LMX233XL via 
a three wire interface (Data, Enable, Clock). Supply voltage 
can range from 2.7V to 5.5V. The LMX233XL family features 
very low current consumption; 


LMX2330L—5.0 mA at 3V, LMX2331L—4.0 mA at 8V, 
LMX2332L— 3.0 mA at 3V. 


The LMX233XL are available in a TSSOP 20-pin and CSP 
24-pin surface mount plastic package. 


Functional Block Diagram 


IF 15-BlT IF 
Prescaler N COUNTER 


fin IF 
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{5~-BIT RF 
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RF 18~BIT RF i 
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CLOCK 22-BIT 
DATA REGISTER 
LE 


fin RF 
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Features 
m Ultra low current consumption 
m 2.7V to 5.5V operation 
m™ Selectable synchronous or asynchronous powerdown 
mode: 
loc = 1 YA typical at 3V 
m Dual modulus prescaler: 
LMX2330L (RF) 32/33 or 64/65 
LMX2331L/32L (RF) 64/65 or 128/129 
LMX2330L/31L/32L (IF) 8/9 or 16/17 
m™ Selectable charge pump TRI-STATE® mode 
m™ Selectable charge pump current levels 
m™ Selectable Fastlock™ mode 
= Upgrade and compatible to LMX233XA family 


Applications 

m= Portable Wireless Communications 
(PCS/PCN, cordless) 

m Cordless and cellular telephone systems 

m Wireless Local Area Networks (WLANs) 

m™ Cable TV tuners (CATV) 

@ Other wireless communication systems 
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LMX2330L/LMX2331L/LMX2332L 


Connection Diagrams 


Chip Scale Package (SLB) 
(Top View) 


Thin Shrink Small Outline Package (TM) 
(Top View) 


fo 


Top View 
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NC 
[14] Order Number LMX2330LTM, LMX2331LTM or 
aA aA x LMX2332LTM 
S to 8 NS Package Number MTC20 
DS012806-39 
Order Number LMX2330LSLB, LMX2331LSLB or 
LMX2332LSLB 
NS Package Number SLB24A 
Pin Descriptions 
Pin No. Pin No. 
LMX233XLSLB MX233XLTM | 
autos neces 1/0 Description 


24-pinCSP 20-pin TSSOP 
Package Package 





Power supply voltage input for RF analog and RF digital circuits. Input 
may range from 2.7V to 5.5V. Vec1 must equal Voc2. Bypass 
capacitors should be placed as close as possible to this pin and be 
connected directly to the ground plane. 

Power Supply for RF charge pump. Must be = Veo. 

Internal charge pump output. For connection to a loop filter for driving 
the input of an external VCO. 

Ground for RF digital circuitry. 

RF prescaler input. Small signal input from the VCO. 

RF prescaler complementary input. A bypass capacitor should be 
placed as close as possible to this pin and be connected directly to the 
ground plane. Capacitor is optional with some loss of sensitivity. 
Ground for RF analog circuitry. 

Oscillator input. The input has a V¢-/2 input threshold and can be 
driven from an external CMOS or TTL logic gate. 

Ground for IF digital, MICROWIRE™, FLD, and oscillator circuits. 
Multiplexed output of the RF/IF programmable or reference dividers, 
RF/IF lock detect signals and Fastlock mode. CMOS output (see 
Programmable Modes). 

High impedance CMOS Clock input. Data for the various counters is 
clocked in on the rising edge, into the 22-bit shift register. 

Binary serial data input. Data entered MSB first. The last two bits are 
the control bits. High impedance CMOS input. 
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Pin Descriptions (Continued) 


Pin No. 
LMX233XLSLB 
24-pinCSP 
Package 
15 


16 
17 


18 
19 
20 


22 
23 


1,9, 13, 21 


Pin No. 
LMX233XLTM 


20-pin TSSOP 
Package 


| 
i 
O 





1/0 


Description 


Load enable high impedance CMOS input. When LE goes HIGH, data 
stored in the shift registers is loaded into one of the 4 appropriate 
latches (control bit dependent). 


Ground for IF analog circuitry. 


IF prescaler complementary input. A bypass capacitor should be placed 
as close as possible to this pin and be connected directly to the ground 
plane. Capacitor is optional with some loss of sensitivity. 


IF prescaler input. Small signal input from the VCO. 
Ground for IF digital, MICROWIRE, F,LD, and oscillator circuits. 


IF charge pump output. For connection to a loop filter for driving the 
input of an external VCO. 


Power Supply for IF charge pump. Must be 2 Vcc. 





Power supply voltage input for IF analog, IF digital, MICROWIRE, 
F,LD, and oscillator circuits. Input may range from 2.7V to 5.5V. Voc2 
must equal Voco1. Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to the ground plane. 
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LMX2330L/LMX2331L/LMX2332L 


Block Diagram 




















































l Fout/ 20 
Yee! Lock Detect/ Yee? 
Fastlock 
Multiplexer 
2 19 
Vp 1 Vp 2 
RF IF 
3 Phase Phase 18 
D RF Detector Detector Dy IF 
4 17 
_ GND Swallow GND 
Control 
f., RF 9 Programmable Programmable IF Prescaler 16 tf. IF 
IN > RF Prescaler 18-Bit (RF) 15-Bit (IF) (8/9 or Gi IN 
N-Counter N-Counter 16/17) 

a 6 150 
fy RF fin. IF 
1-Bit RF PT i—sit pip] (RF) 18-Bit N-Latch 1-Bit P20] 1-Bit IF 
PWDN Latch Latch PWDN 
cnp < GND 

. 5-Bit Mode Latch aa 15-Bit R1-Latch i 
8 P ble 15-Bit ; seat 13 
rogrammable 15-Bi Decod 
OSC, >. be (R1) Reference Counter Sea LE 
GND 9 Programmable 15-Bit 
(R2) Reference Counter 20-Bit Shift Register ee 12 coi 
Control 
ne Latch 
| 11 
FoLD Clock 
DS012806-3 


Note: The RF prescaler for the LMX2331L/32L is either 64/65 or 128/129, while the prescaler for the LMX2330L is 32/33 or 64/65. 

Note: Vcc1 supplies power to the RF prescaler, N-counter, R-counter and phase detector. Voc2 supplies power to the IF prescaler, N-counter, phase detector, 
R-counter along with the OSC;, buffer, MICROWIRE, and FoLD. Vcoc1 and Vec2 are clamped to each other by diodes and must be run at the same voltage level. 
Note: Vp1 and Vp2 can be run separately as long as Vp = Vcc. 
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National Semiconductor 


LMX2335/LMX2336/LMX2337 


PLLatinum™ Dual Frequency Synthesizer for RF 


Personal Communications 


LMX2335 1.1 GHz2/1.1 GHz 
LMX2336 2.0 GH2/1.1 GHz 
LMX2337 550 MHz/550 MHz 


General Description 


The LMX2335, LMX2336 and LMX2337 are monolithic, inte- 
grated dual frequency synthesizers, including two high fre- 
quency prescalers, and are designed for applications requir- 
ing two RF phase-lock loops. They are fabricated using 
National’s ABiC IV silicon BiCMOS process. 


The LMX2335/36/37 contains two dual modulus prescalers. 
A 64/65 or a 128/129 prescaler can be selected for each RF 
synthesizer. A second reference divider chain is included in 
the IC for improved system noise. LMX2335/36/37, which 
employ a digital phase locked loop technique, combined with 
a high quality reference oscillator and. loop filters, provide the 
tuning voltages for voltage controlled oscillators to generate 
very stable low noise RF local oscillator signals. 

Serial data is transferred into the LMX2335/36/37 via a three 
wire interface (Data, Enable, Clock). Supply voltage can 
range from 2.7V to 5.5V. The LMX2335/36/37 feature very 
low current consumption; LMX2335/37 -10 mA at 3V, 
LMX2336 -13 mA at 3V. The LMX2335/37 are available in 


Functional Block Diagram 
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both a JEDEC SO and TSSOP 16-pin surface mount plastic 
package. The LMX2336 is available in a TSSOP 20-pin sur- 
face mount plastic package. 


Features 

m 2.7V to 5.5V operation 

m@ Low current consumption 

m™ Selectable powerdown mode: 

loc = 1 BA (typ) 

Dual modulus prescaler: 64/65 or 128/129 
Selectable charge pump TRI-STATE® mode 
Selectable charge pump current levels 
Selectable FastLock™ mode 


Applications 
B® Cellular telephone systems (AMPS, ETACS, RCR-27) 
m™ Cordless telephone systems (DECT, ISM, PHS, CT-1+) 
m™ Personal Communication Systems 
(DCS-1800, PCN-1900) 
= Dual Mode PCS Panes 
m CATV 
m Other wireless communication systems 
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LMX2335/LMX23364_MX2337 


Connection Diagrams 
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Top View 


Top View 
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Order Number LMX2335M/LMX2335TM or 
LMX2337M/LMX2337TM DS012332-16 
NS Package Number M16A and MTC16 -Order Number LMX2336TM 
NS Package Number MTC20 





Pin Descriptions 


Pin No. 
2335/37 
| 


VO Description 


Power supply voltage input for RF1 analog and RF 1 digital circuits. Input may range 
from 2.7V to 5.5V. Vec1 must equal Vcc¢2. Bypass capacitors should be placed as 
close as possible to this pin and be connected directly to the ground plane. 

Power supply for RF1 charge pump. Must be = Vcc. 

RF1 charge pump output. For connection to a loop filter for driving the input of an 
external VCO. 

LMX2335/37: Ground for RF1 analog and RF1 digital circuits. LMX2336: Ground for RF 
digital circuitry. 

First RF prescaler input. Small signal input from the VCO. 

RF1 prescaler complementary input. A bypass capacitor should be placed as close as 
possible to this pin and be connected directly to the ground plane. Capacitor is optional 
with loss of some sensitivity. | 


xe) 


° 


ol< = 
enh | am OQ. 


4 4 


G@ 
z= 
oO 


iE 
es 


Ground for RF1 analog circuitry. 

Oscillator input. The input has a V¢-/2 input threshold and can be driven from an 
external CMOS or TTL logic gate. 

Oscillator output. 

Multiplexed output of the programmable or reference dividers, lock detect signals and 
Fastlock mode. CMOS output (see Programmable Modes). 

High impedance CMOS Clock input. Data for the various latches is clocked in on the 
rising edge, into the 20-bit shift register. 

Binary serial data input. Data entered MSB first. The last two bits are the control bits. 
High impedance CMOS input. 

Load enable high impedance CMOS input. When LE goes HIGH, data stored in the 
shift registers is loaded into one of the 4 appropriate latches (control bit dependent). 
Ground for RF2 analog circuitry. 

RF2 prescaler complementary input. A bypass capacitor should be placed as close as 
possible to this pin and be connected directly to the ground plane. Capacitor is optional 
with loss of some sensitivity. 
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12 RF2 prescaler input. Small signal input from the VCO. 

13 LMX2335/37: Ground for RF2 analog, RF2 digital, MICROWIRE™, F,LD and Oscillator 
circuits. LMX2336: Ground for RF2 digital, MICROWIRE, FLD and Oscillator circuits. 

14 D,2 RF2 charge pump output. For connection to a loop filter for driving the input of an 
external VCO. 

15 Vp2 Power supply for RF2 charge pump. Must be 2 Vcc. 


www.national.com 20-18 


Pin Descriptions (Continued) 
Pin No. 


| 


- [ 


to the ground plane. 

















































Description 






























Power supply voltage input for RF2 analog. RF2 digital, MICROWIRE, F,LD and 
Oscillator circuits. Input may range from 2.7V to 5.5V. Voec2 must equal Voc. Bypass 
Capacitors should be placed as close as possible to this pin and be connected directly 








a 1/1 Fout/ 16/20 5 
CC Lock Detect / RF2 Charae cc 
RF 1 Fastlock RF 2 s 
ee Multiplexer aa 
2/2 etec etec 15/19 
Vp 1 j i p2 
RF 1 RF2 
: 3/3 Phase Fp 2 Phase 14/18 
01 Detector Detector D2 
4/4 13/17 
GND Swallow Swallow GND 
Control Control 
£4 5/5 Prescaler Programmable Programmable Prescaler 12/16 9 
IN ae (64/65 or 18-Bit (RF1) 18-Bit (RF2) (64/65 or <i IN 
128/129) N-Counter N-Counter 128/129) 
ae X/6 X/15 = 
IN ; : IN 
PWDN Latch Latch PWDN 
X X/14 
GND as : : GND 
5-Bit Mode Latch ul 15-Bit R1-Latch aaah 
Latch 
6/8 Programmable 15~Bit i Decode te tits 
OSC; . < (R1) Reference Counter a LE 
osc 7/9 Programmable 15-Bit 
out (R2) Reference Counter 20-Bit Shift Register en 10/12 ae 
Control 
-R Latch 
ne 1 9/11 
FOLD Clock 


DS012332-17 


Note: Vcc1 supplies power to the RF1 prescaler, N-counter, R-counter, and phase detector. Vcc2 supplies power to the RF2 prescaler, N-counter, phase 
detector, R-counter along with the OSC;, buffer, MICROWIRE, and FoLD. Voc and Vcc2 are clamped to each other by diodes and must be run at the same 


voltage level. 
Vp1 and Vp2 can be run separately as long as Vp 2 Vcc. 


LMX2335/37 Pin # — 8/10 <- LMX2336 Pin # 
Pin Name — F,LD 
X signifies a function not available 
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LMX2335L/LMX2336L. 


PRELIMINARY 


National Semiconductor 


PLLatinum™ Low Power Dual Frequency Synthesizer for 
RF Personal Communications 


LMX2335L 
LMX2336L 


1.1 GHz/1.1 GHz 
2.0 GHz/1.1 GHz 


General Description 


The LMX2335L and LMX2336L are monolithic, integrated 
dual frequency synthesizers, including two high frequency 


| prescalers, and are designed for applications requiring two 


RF phase-lock loops. They are fabricated using National’s 
0.5 ABiC V silicon BICMOS process. 


The LMX2335L/36L contains two dual modulus prescalers. A 
64/65 or a 128/129 prescaler can be selected for each RF 
synthesizer. A second reference divider chain is included in 
the IC for improved system noise. The LMX2335L/36L com- 
bined with a high quality reference oscillator, two loop filters, 
and two external voltage controlled oscillators generates 
very stable low noise RF local oscillator signals. 


Serial data is transferred into the LMX2335L/36L via a three 
wire interface (Data, Enable, Clock). Supply voltage can 
range from 2.7V to 5.5V. The LMX2335L/36L feature very 
low current consumption; LMX2335L 4.0 mA at 5vV, 
LMX2336L 5.5 mA at 5V. The LMX2335L is available in SO, 
TSSOP and CSP 16-pin surface mount plastic packages. 
The LMX2336L is available in a TSSOP 20-pin and CSP 
24-pin surface mount plastic package. 





Functional Block Diagram 
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Features 
g@ Ultra low current consumption 
m 2.7V to 5.5V operation 


@ Selectable synchronous and asynchronous powerdown 


mode: 

loc = 1 PA (typ) 

Dual modulus prescaler: 64/65 or 128/129 

Selectable charge pump TRI-STATE® mode 
Selectable charge pump current levels 

Selectable Fastlock™ mode | 

Upgrade and compatible to LMX2335/36 
Smail-outline, plastic, surface mount TSSOP package 
LMX2336 available in CSP package 


Applications 
= Cellular telephone systems (AMPS, ETACS, RCR-27) 
m= Cordless telephone systems 
(DECT, ISM , PHS, CT-1+) 
m Personal Communication Systems 
(DCS-1800, PCN-1900) 
m Dual Mode PCS phones | 
m™ Cable TV Tuners (CATV) 
m Other wireless communication systems 


PHASE * 
COMP. 


CHARGE 
"| PUMP Dy 










four/ 
Lock 
Detect 

| Fastlock 
MUX 













te oh eone ea 


COMP. oe 
Prescaler = eaten N amid 
ea oli FasT.00k| 


DS012807-1 


20-20 


Connection Diagrams 


LMX2335L 
(Top View) 


Top View 





DS012807-2 


Order Number LMX2335LM or LM2335LTM 
NS Package Number M16A and MTC16 


LMX2335L 
(Top View) 
“Oo ar N 
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Order Number LMX2335LSLB 
NS Package Number SLB16A 


Pin Descriptions 
Pin No. Pin No. | Pin No. Pin VO 
ass 2335LTM ene Name 


Pin No. 
2336LTM 
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LMX2336L 
(Top View) 
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Top View 
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Order Number LMX2336LTM 
NS Package Number MTC20 


LMX2336L 
(Top View) 
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Order Number LMX2336LSLB 
NS Package Number SLB24A 


Description 


Power supply voltage input for RF1 analog and RF1 digital 
circuits. Input may range from 2.7V to 5.5V. Voc1 must equal 
Voc2. Bypass capacitors should be placed as close as possible 
to this pin and be connected directly to the ground plane. 

| | Power supply for RF1 charge pump. Must be = Vgc. 

Ps tet charge pump output. For connection to a loop filter for 
driving the input of an external VCO. 

LMX2335L: Ground for RF1 analog and RF1 digital circuits. 
LMX2336L: Ground for RF digital circuits. 

RF1 prescaler input. Small signal input from the VCO. 

RF1 prescaler complementary input. A bypass capacitor should 
be placed as close as possible to this pin and be connected 
directly to the ground plane. Capacitor is optional with loss of 
some sensitivity. 

Ground for RF1 analog circuitry. 
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Pin Descriptions (continued) 


Pin No. Pin No. 
2336LTM 2336LSLB 
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Pin No. 
2335LTM 


Pin No. 
2335LSLB 
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0 Description 


Oscillator input. The input has a V2 input threshold and can 
be driven from an external CMOS or TTL logic gate. 

Oscillator output. 

Multiplexed output of the programmable or reference dividers, 
lock detect signals and Fastlock mode. CMOS output (see 
Programmable Modes). 

High impedance CMOS Clock input. Data for the various latches 
is clocked in on the rising edge, into the 20-bit shift register. 
Binary serial data input. Data entered MSB first. The last two bits 
are the control bits. High impedance CMOS input. 

Load enable high impedance CMOS input. When LE goes HIGH, 
data stored in the shift registers is loaded into one of the 4 
appropriate latches (control bit dependent). 

Ground for RF2 analog circuitry. 

RF2 prescaler complementary input. A bypass capacitor should 
be placed as close as possible to this pin and be connected 
directly to the ground plane. Capacitor is optional with loss of 
some sensitivity. 

RF2 prescaler input. Small signal input from the VCO. 
LMX2335L: Ground for RF2 analog, RF2 digital, MICROWIRE, 
FLD and Oscillator circuits. LMX2336L: Ground for IF digital, 
MICROWIRE, F,LD and oscillator circuits. 

RF2 charge pump output. For connection to a loop filter for 
driving the input of an external VCO. 

Power supply for RF2 charge pump. Must be = Vg. 

Power supply voltage input for RF2 analog, RF2 digital, 
MICROWIRE, F,LD and oscillator circuits. Input may range from 
2.7V to 5.5V. Vec2 must equal Voc1. Bypass capacitors should 
be placed as close as possible to this pin and be connected 
directly to the ground plane. 

No connect. 
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Block Diagram 
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Note 1: Vcc1 supplies power to the RF1 prescaler, N-counter, R-counter, and phase detector. Voc2 supplies power to the RF2 prescaler, N-counter, phase 
detector, R-counter along with the OSC;, buffer, MICROWIRE, and F,>LD. Voc1 and Vcc2 are clamped to each other by diodes and must be run at the same 
voltage level. 


Note 2: Vp1 and Vp2 can be run separately as long as Vp = Vcc. 
LMX2335L Pin # — 8/10 — LMX2336L Pin # 
Pin Name — F,LD 
X signifies a function not bonded out to a pin 





20-23 www.national.com 


-LMX2350/LMX2352 





LMX2350/LMX2352 


AY National Semiconductor 


PRELIMINARY 


PLLatinum™ Fractional N RF / Integer N IF 
Dual Low Power Frequency Synthesizer 


LMX2350 2.5 GHz/550 MHz 
LMX2352 1.2 GHz/550 MHz 


General Description 


The LMX2350/2352 is part of a family of monolithic inte- 
grated fractional N/ Integer N frequency synthesizers de- 
signed to be used in a local oscillator subsystem for.a radio 
transceiver. It is fabricated using National’s 0.5 ABiC V sili- 
con BiCMOS process. The LMX2350/2352 contains dual 
modulus prescalers along with modulo 15 or 16 fractional 
compensation circuitry in the RF divider. A 16/17 or 32/33 
prescale ratio can be selected for the LMX2350, and the 


LMX2352 provides 8/9 or 16/17 prescale ratios. The IF cir- ’ 


cuitry for both the LMX2350 and LMX2352 contains an 8/9 
prescaler, and is fully programmable. Using a fractional N 
phase locked loop technique, the LMX2350 /52 can gener- 
ate very stable low noise control signals for UHF and VHF 
voltage controlled oscillators (VCO’s). 

For the RF PLL, a highly flexible 16 level programmable 
charge pump supplies output current magnitudes from 
100UA to 1.6mA. Two uncommitted CMOS outputs can be 
used to provide external control signals, or configured to 


| FastLock™ mode. Serial data is transferred into the 


LMX2350/2352 via a three wire interface (Data, LE, Clock). 
Supply voltage can range from 2.7 V to 5.5 V. The LMX2350/ 


Block Diagram 
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2352 family features very low current consumption; typically 
LMX2350 (2.5 GHz) 6.75 mA, LMX2352 (1.2 GHz) 5.00 mA 
at 3.0V. The LMX2350/2352 are available in a 24-pin TSSOP 
surface mount plastic package. 


Features 

m 2.7 V to 5.5 V operation 

m Low current consumption 
LMX2350: Icc = 6.75mA typ at 3v 
LMX2352: Icc = 5.00mA typ at 3v 

mw Programmable or logical power down mode 
Icc = 5 pA typ at 3v 

m Modulo 15 or 16 fractional RF N divider supports ratios 
of 1, 2, 3, 4, 5, 8, 15, or 16 

m Programmable charge pump current levels 
RF 100uA to 1.6mA in 100uA steps 
IF 100A or 800 pA 

m Digital filtered lock detect 


Applications 
= Portable wireless communications (PCS/PCN, cordless) 
= Dual mode cellular telephone systems 
Zero blind slot TDMA systems 
m= Spread spectrum communication systems (CDMA) 
m™ Cable TV Tuners (CATV) 
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Connection Diagram 
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Order Number LMX2350TM or LMX2352TM 
NS Package Number MTC24 


Pin Descriptions 


Pin Pin /O Description 
No. Name 


1 OUTO Or Programmable CMOS output. Level of the output is controlled by IF_N [17] bit. 


2 VceCar RF PLL power supply voltage input. Must be equal to Vcc,-. May range from 2.7 V to 5.5 V. 
Bypass capacitors should be placed as close as possible to this pin and be connected directly 
to the ground plane. 


3 2 ee ee Power supply for RF charge pump. Must be 2V,.,. and Veg. 


4 CP Gee hee RF charge pump output. Connected to a loop filter for driving the control input of an external 
VCO. 


5 | GND | s Ground for RF PLL digital circuitry. 
6 | finRF | | RF prescaler input. Small signal input from the VCO. 


fin RF RF prescaler complimentary input. A bypass capacitor should be placed as close as possible 
to this pin and be connected directly to the ground plane. | 


Ground for RF PLL analog circuitry. 





N 


GND 


9 OSCx /O Dual mode oscillator output or RF R counter input. Has a Vcc/2 input threshold when 
configured as an input and can be driven from an external CMOS or TTL logic gate. Can also 
be configured as an output to work in conjunction with OSCin to form a crystal oscillator. (See 
functional description 1.1 and programming description 3.1.) 


10 OSCin Oscillator input which can be configured to drive both the IF and RF R counter inputs or only 
the IF R counter depending on the state of the OSC programming bit. (See functional 
description 1.1 and programming description 3.1.) 

11 FoLD Multiplexed output of N or R divider and RF/IF lock detect. Active High/Low CMOS output 


except in analog lock detect mode. (See programming description 3.1.5.) 


RF PLL Enable. Powers down RF N and R counters, prescaler, and will TRI-STATE® the 
charge pump output when LOW. Bringing RF_EN high powers up RF PLL depending on the 
state of RF_CTL_WORD. (See functional description 1.9.) 


13 IF_EN IF PLL Enable. Powers down IF N and R counters, prescaler, and will TRI-STATE the charge 
pump output when LOW. Bringing IF_EN high powers up IF PLL depending on the state of 
IF_CTL_WORD. (See functional description 1.9.) 
14 CLOCK High impedance CMOS Clock input. Data for the various counters is clocked into the 24 - bit 
om fd shift register on the rising edge. 
15 DATA Binary serial data input. Data entered MSB first. The last two bits are the control bits. High 
impedance CMOS input. 


16 LE Load enable high impedance CMOS input. Data stored in the shift registers is loaded into one 
of the 4 internal latches when LE goes HIGH. (See functional description 1.7.) 
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LMX2350/LMX2352 


Connection Diagram (continued) 





Pin 

No. 

"7 
18 fin IF 
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22 
23 VceCi- 
24 OUT1 
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Description 


Ground for IF analog circuitry. 


IF prescaler complimentary input. A bypass capacitor should be placed as close as possible 
to this pin and be connected directly to the ground plane. 


IF prescaler input. Small signal input from the VCO. 

Ground for IF digital circuitry. 

IF charge pump output. For connection to a loop filter for driving the input of an external VCO. 
Power supply for IF charge pump. Must be = V,,,. and V¢g,-- 


IF power supply voltage input. Must be equal to Vccr- . Input may range from 2.7 V to 5.5 V. 
Bypass capacitors should be placed as close as possible to this pin and be connected directly 
to the ground plane. 


Programmable CMOS output. Level of the output is controlled by IF_N [18] bit. 
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LMX2353 


PRELIMINARY 


ESECXINI 


PLLatinum™ Fractional N Single 2.5 GHz Frequency 


Synthesizer 


General Description 


The LMX2353 is a monolithic integrated fractional N fre- 
quency synthesizer, designed to be used in a local oscillator 
subsystem for a radio transceiver. It is fabricated using Na- 
tional’s 0.5 ABiC V silicon BICMOS process. The LMX2353 
contains dual modulus prescalers along with modulo 15 or 
16 fractional compensation circuitry in the N divider. A 16/17 
or 32/33 prescale ratio can be selected for the LMX2353. Us- 
ing a fractional N phase locked loop technique, the LMX2353 
can generate very stable low noise control signals for UHF 
and VHF voltage controlled oscillators (VCO’s). 


The LMX2353 has a highly flexible 16 level programmabie 
charge pump supplies output current magnitudes from 100 
UA to 1.6 mA. Serial data is transferred into the LMX2353 via 
a three wire interface (Data, LE, Clock). Supply voltage can 
range from 2.7V to 5.5V. The LMX2353 features very low 
current consumption; typically 4.5 mA at 3.0V. The LMX2353 
is available in a 16-pin TSSOP or a 16-pad CSP surface 
mount plastic package. 


Functional Block Diagram 


15-Bit 
R COUNTER 


OSCy 


Features 

m 2.7V — 5.5V operation 

m= Low Current Consumption 
loc = 4.5 mA typ @ Veg = 3.0V 

= Programmable or Logical Power Down Mode 
loc = 5 HA typ @ Veg = 3.0V 

m Modulo 15 or 16 fractional N divider 
Supports ratios of 1, 2, 3, 4, 5, 8, 15, or 16 

m= Programmable charge pump current levels 
100 LA to 1.6 mA in 100 pA steps 

= Digital Filtered Lock Detect 


Applications 

m Portable wireless communications (PCS/PCN, cordless) 
m Zero blind slot TDMA systems a 
= Cellular and Cordless telephone systems 

m= Spread spectrum communication systems (CDMA) 
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LMX2353 


Connection Diagrams 
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TOP VIEW 
Order Number LMX2353SLBX 
See NS Package Number SLB16A 


See NS Package Number MTC16 


Pin Description 
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Description 


Power supply for charge pump. Must be 2 Vcc. 


Charge pump output. Connected to a loop filter for driving the control input of an 
external VCO. 


Ground for PLL digital circuitry. 
RF prescaler input. Small signal input from the VCO. 


RF prescaler complimentary input. A bypass capacitor should be placed as close 
as possible to this pin and be connected directly to the ground plane. 


Ground for PLL analog circuitry. 


Oscillator input. A CMOS inverting gate input. The input has a V¢,/2 input 
threshold and can be driven from an external CMOS or TTL logic gate. 


Multiplexed output of N or R divider and lock detect. CMOS output. 


PLL Enable. Powers down N and R counters, prescalers, and TRI-STATE® charge 
pump output when LOW. Bringing CE high powers up PLL depending on the state 
of CTL_WORD. 


High impedance CMOS Clock input. Data for the various counters is clocked into 
the 24-bit shift register on the rising edge. 


Binary serial data input. Data entered MSB first. The last two bits are the control 
bits. High impedance CMOS input. 


Load enable high impedance CMOS input. Data stored in the shift registers is 
loaded into one of the 4 internal latches when LE goes HIGH. 


Ground. 


PLL power supply voltage input. May range from 2.7V to 5.5V. Bypass capacitors 
should be placed as close as possible to this pin and be connected directly to the 
ground plane. 


Programmable CMOS output. Level of the output is controlled by F2[18] bit. 
Programmable CMOS output. Level of the output is controlled by F2[17] bit. 
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LMX2370/LMX2371/LMX2372 


National Semiconductor 


PLLatinum™ Dual Frequency Synthesizer for RF 


Personal Communications 


LMX2370 2.5 GH2/1.2 GHz 
LMX2371 2.0 GHz/1.2 GHz 
LMX2372 1.2 GHz/1.2 GHz 


General Description 


The LMX237x family of monolithic, integrated dual frequency 
synthesizers, including prescalers, is designed to be used as 
a first and second local oscillator for dual mode or dual con- 
version transceivers. It is fabricated using National’s 0.5u 
ABiCV silicon BiCMOS process. The LMX237x contains two 
dual modulus prescalers. A 32/33 or a 16/17 prescaler can 
be selected for the 2.5 GHz and 2.0 GHz RF synthesizers 
with the 16/17 prescaler rated for input frequencies below 
1.2 GHz. A 16/17 or an 8/9 prescaler can be selected for the 
1.2 GHz RF synthesizers with the 8/9 prescaler rated for in- 
put frequencies below 550 MHz. Using a digital phase 
locked loop technique, the LMX237x can generate very 
stable, low noise control signals for UHF and VHF voltage 
controlled oscillators (VCOs). Serial data is transferred into 
the LMX237x via a 1.8 V three wire interface (Data, Enable, 
Clock) compatible with low voltage baseband processors. 
Supply voltage can range from 2.7V to 5.5V. The LMX237x 
family features very low current consumption typically: 
LMX2370 - 6.0 mA at 3V, LMX2371 - 5.0 mA at 3V, LMX2372 
- 4.0 mA at 3V. 


Functional Block Diagram 
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fiy 1b Prescaler N COUNTER 


MAIN 

R COUNTER 
AUX 

R COUNTER 






Osc. 


In 


\/ 


£2 Auxiliary AUX 
IN Prescaler ie N =| 
CLOCK 22-BIT 
DATA DATA REGISTER 
LE 
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- COMP. 


The LMX237x are available in a 24-pad chip scale (CSP) or 
a 20-pin TSSOP surface mount plastic package. 


Features 
m 2.7V-—5.5V operation 
m@ Ultra low current consumption 
m Low phase detector noise floor 
m@ Low voltage MICROWIRE™ interface (1.8V up to Voc) 
m= Low prescaler values 
32/33 at fin < 2.5 GHz 
16/17 at fiy $< 1.2 GHz 
8/9 at fy < 550 MHz 
m@ Selectable charge pump current levels 
m™ Selectable FastLock™ mode 
m™ Enhanced ESD protection 
m Available in small 24-pad chip scale package (3.5 x 4.5 
x 1.0 mm) . 


Applications 

m Portable wireless communications (PCS/PCN, cordless) 
m Dual mode cellular telephone systems 

m Spread spectrum communication systems (CDMA) 

m™ Cable TV tuners (CATV) 


CHARGE 
PUMP Cro) 


FoLD 
CHARGE 
PUMP Cfoe 


DS101026-4 
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LMX2370/LMX2371/LMX2372 


Connection Diagrams 


TSSOP 20-Pin Package 


bo LMX2370/ 
IN LMX2371/ 
LMX2372 





FoLD 
DS101026-2 


Top View 


Order Number LMX2370TM, LMX2370TMX, 


LMX2371TM, LMX2371TMX, 
LMX2372TM or LMX2372TMX 
See NS Package Number MTC20 


Pin Descriptions 


Pin No. 


me a 20-Pin /O 
TSSOP 


wo 


ory & 


Oo 


N 
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ai 


| 7 | @nd {| — | Ground for Main analog circuitry. 




















VCO. 





Description 


Power supply voltage input for RF analog and 
RF digital circuits. Input may range from 2.7V to 
5.5V. Voc1 must equal Voc2. Bypass capacitors 
should be placed as close as possible to this pin 
and be connected directly to the ground plane. 


Power supply for Main charge pump. Must be = 
Voc: 


Internal Main charge pump output. For 
connection to a loop filter for driving the input of 
an external VCO. 


Main prescaler complementary input. For single 
ended operation, a bypass capacitor should be 
placed as close as possible to this pin and be 
connected directly to the ground plane. 
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CSP 24-Pin Package 





23 2 
Nc |Li] NC 
® 
Vp 1 CP,2 
CP, I GND 
GND {2 
LWX2370/ Lisl} fn 
fy 1 LMX2371/ GND 
LMX2372 
fiy1> {C6 ] V uc 
GND LE 
osc, JL8] Data 
Nc IL9] fio] [x] NC 
DS101026-3 
Top View 


Order Number LMX2370SLBX, 
LMX2371SLBX or LMX2372SLBX 
See NS Package Number SLB24A 


















| 4 | GND | — | Ground for Main digital circuitry. 


Main prescaler input. Small signal input from the 






fin 1 


fyy 1b 








Pin Descriptions (Continued) 


Pin No. 
gees, 20-Pin Description 
TSSOP 


Cin Oscillator input. The input has a V._-/2 input 
threshold and can be driven from an external 
CMOS or TTL logic gate. 


10 Ground for Aux digital, MICROWIRE, FoLD, and 
oscillator circuits. 


11 Fo/LD Multiplexed output of the Main/Aux 
programmable or reference dividers, 
Main/Auxiliary lock detect signals and Fastlock 
mode. CMOS output (see Programmable Modes 
in the Datasheet). 


12 High impedance CMOS Clock input. Data for the 
various counters is clocked in on the rising edge, 
into the 22-bit shift register. 


CLECXW VLZECXIN VOZECXW 








14 Binary serial data input. Data entered MSB first. 
The last two bits are the control bits. High 
impedance CMOS input. 


15 Load enable. High impedance CMOS input. 
When LE goes HIGH, data stored in the shift 
registers is loaded into one of the 4 appropriate 
latches (control bit dependent). 


16 Power supply for MICROWIRE circuitry. Must be 
< Voc. Typically connected to same supply level 
as uprocessor or baseband controller to enable 
programming at low voltages. 


17 | 15 | GND | — | Ground for Aux analog circuitry. 


18 16 fin2 Auxiliary prescaler input. Small signal input from 
the VCO. 


19 GND Ground for Aux digital, MICROWIRE, FoLD, and 
oscillator. 


20 Aux internal charge pump output. For connection 
to a loop filter for driving the input of an external 

22 poe oe Power supply for Aux charge pump. Must be = 
Voc: 


VCO. 
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LMX2370/LMX2371/LMX2372 


Pin Descriptions (continued) 


Pin No. 
24-Pin 20-Pin 1/0 Description 
CSP TSSOP 


23 Voc2 Power supply voltage input for Aux analog, Aux 
digital, FoLD, and oscillator circuits. Input may 
range from 2.7V to 5.5V. Voc2 must equal Voc. 
Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to 
the ground plane. 

1, 9, NC No Connect 
13, 21 


Block Diagram (Note 1) 


















Fout/ 
Lock Detect/ 
Fastlock 
Multiplexer 


1X 


Aux Charge 
Pump 
















RF 




































3 Phase 
CP, 1 Detector 
(3) 
4 
GND Swallow 
(4) Control 
fo 5 RF Prescalar Programmable Programmable Aux Prescalar 
N ) ‘> (16/17 or 18-Bit (RF) 18-bit Aux (8/9 or <i 
32/33) N-Counter N-Counter 16/17) 
6 
fy 1b " 


(6) 1-Bit RF E 1-Bit Pt (RF) 18-Bit N~-Latch 


7 
GND = 
(7) S~Bit Mode Latch el 15-Bit Ri-Latch 


fe 8 be a Programmable 15~Bit : on 
in (8) (R1) Reference Counter 








Programmable 15-Bit 


GND — 
(10) R2) Reference Counter Z| 20-Bit Shift Register 
FLD 


(11) 





Note 1: * The numbers in () represent the equivalent chipscale package (CSP) pinout 
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(23) 


19 
(22) 


11 
(12) 
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GND 


Vc 
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LMX3161 


Single Chip Radio Transceiver 


General Description 


The LMX3161 Single Chip Radio Transceiver is a monolithic, 
integrated radio transceiver optimized for use in a Digital En- 
hanced Cordless Telecommunications (DECT) system. It is 
fabricated using Nationals ABiC V BiCMOS process 
(f; = 18 GHz). 

The LMX3161 contains phase locked loop (PLL), transmit 
and receive functions. The 1.1 GHz PLL block is shared be- 
tween transmit and receive section. The transmitter includes 
a frequency doubler, and a high frequency buffer. The re- 
ceiver consists of a 2.0 GHz low noise mixer, an intermediate 
frequency (IF) amplifier, a high gain limiting amplifier, a fre- 
quency discriminator, a received signal strength indicator 
(RSSI), and an analog DC compensation loop. The PLL, 
doubler, and buffers can be used to implement open loop 
modulation along with an external VCO and loop filter. The 
circuit features on-chip voltage regulation to allow supply 
voltages ranging from 3.0V to 5.5V. Two additional voltage 
regulators provide a stable supply source to external dis- 
crete stages in the Tx and Rx chains. 

The IF amplifier, high gain limiting amplifier, and discrimina- 
tor are optimized for 110 MHz operation, with a total IF gain 
of 85 dB. The single conversion receiver architecture pro- 


Block Diagram 


vides a low cost, high performance solution for communica- 
tions systems. The RSSI output may be used for channel 
quality monitoring. 

The Single Chip Radio Transceiver is available in a 48-pin 
7mm X 7mm X 1.4mm PQFP surface mount plastic pack- 
age. 


Features 

m@ Single chip solution for DECT RF transceiver 

m FF sensitivity to -93 dBm; RSSI sensitivity to -100 dBm 
Two regulated voltage outputs for discrete amplifiers 
High gain (85 dB) intermediate frequency strip 

Allows unregulated 3.0V—5.5V supply voltage 

Power down mode for increased current savings 
System noise figure 6.5 dB (typ) 


Applications 

# Digital Enhanced Cordless Telecommunications (DECT) 
=# Personal wireless communications (PCS/PCN) 

m Wireless local area networks (WLANs) 

m Other wireless communications systems 


Rx Veeg |Fiy GND Voc IFoyt GND LIMy Voc GND Veco GND Voc 





GND GND fy CE Vp OD 
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LMX3161 Pin Diagram 


www.national.com 





Oo 
a 
> = z 

Q ©o DA BS oA oA wo 
x = 2 o© 9 Z 2 62 62 SG 
xe ~z~ Oo fF + OF 41 fF OF Oo > 


48 47 46 45 44 43 42 41 40 39 38 37 
1 @ QUAD, 


DISCoyy 
DC COMP, 
THRESH 
RSSloyt 

S FIELD 
OSGy 

LE 

DATA 
CLOCK 


2 
3 
4 
i 
6 
7 
8 
9 


13.14 15 16 17 18 19 20 


OUT O 
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Top View 
Order Number LMX3161VBH or LMX3161VBHX 
See NS Package Number VBH48A 
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LMX3161 Pin Diagram (continued) 
Pin No. | PinName | 1/0 | Description 


LOLEXIN] 





1 Voc | — | Power supply for CMOS section of PLL and ESD bussing. 

2 | MIXERour | O | IF output from the mixer. 

3 | Vee dT Power supply for mixer section. 

4 GND | — | Ground. 

5 | ORF RF input to the mixer. 

6 | GND __| — | Ground, 

7 | —o1XVaee | — | Regulated power supply for external PA gain stage. 

8 Voc — | Power supply for analog sections of PLL and doubler. 

@ [GND __| — | Ground 

10 Leu tO. Frequency doubler output. 

| GND __| — | Grounds 

12 Voc | — | Power supply for analog sections of PLL and doubler. 

14 GND | — | Ground. 

15 fin re RF Input to PLL and frequency doubler. 

16 aay Chip Enable. Pulling LOW powers down entire chip. Taking CE HIGH powers up the 
appropriate functional blocks depending on the state of bits F6, F7, F11, and F12 
programmed in F-latch. It is necessary to initialize the internal registers once, after the 
power up reset. The registers’ contents are kept even in power-down condition. 

17 | MUL Power supply for charge pump. 

18 a a Charge pump output. For connection to a loop filter for driving the input of an external VCO. 

19 Voc a Power supply for CMOS section of PLL and ESD bussing. 

20 | _Gnd___| — | Ground 

21 ee Programmable CMOS output. Refer to Function Register Programming Description section 
for details. 

22 I/O | Receiver power down control input or programmable CMOS output. Refer to Function 
Register Programming Description section for details. 

23 /O | Transmitter power down control input or programmable CMOS output. Refer to Function 
Register Programming Description section for details. 

24 a PLL power down control input. LOW for PLL normal operations, and HIGH for PLL power 
saving. 

25. | CLOCK | 1 | MICROWIRE™ clock input. High impedance CMOS input with Schmitt Trigger. 

26 | = DATA. | MICROWIRE data input. High impedance CMOS input with Schmitt Trigger. 

27 | LE __[_1_| MICROWIRE load enable input. High impedance CMOS input with Schmitt Trigger. 

28 | OSC — | 1 | Oscillator input. High impedance CMOS input with feedback. 

29 hon DC compensation circuit enable. While LOW, the DC compensation circuit is enabled and 
the threshold is updated through the DC compensation loop. While HIGH, the switch is 
opened, and the comparator threshold is held by the external capacitor. 

30 r _JeSSlegr — J) Or| Received signal strength indicator (RSSI) output. 

31 | THRESH | O | Threshold level to external comparator. 

32 | DCCOMPy | 1 | Input to DC compensation circuit. 

33 L IDiseaue— 0 - Demodulated output of discriminator. 

st [Gnd __| — | Ground 

35 Neg | ee | Power supply for the discriminator circuit. 

36 | = QUAD {sit Quadrature input for tank circuit. 

37 Voc | — | Power supply for limiter output stage. 

38 | _@ND__| — | Ground. 

39 Voc | — | Power supply for limiter gain stages. 

a0_| Gnd ___| — | Ground 

At Van | — | Power supply for IF amplifier gain stages. 
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LMX3161 Pin Diagram (Continued) 
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Description 
IF input to the limiter. 
Ground. 
IF output from IF amplifier. 
Power supply for IF amplifier output. 
Ground. 
IF input to IF amplifier. 
Regulated power supply for external LNA stages. 
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National Semiconductor 


Single Chip Radio Transceiver 


General Description 


The LMX3162 Single Chip Radio Transceiver is a monolithic, 
integrated radio transceiver optimized for use in ISM 2.45 
GHz wireless systems. It is fabricated using National’s ABiC 
V BiCMOS process (f+ = 18 GHz). 


The LMX3162 contains phase locked loop (PLL), transmit 
and receive functions. The 1.3 GHz PLL is shared between 
transmit and receive sections. The transmitter includes a fre- 
quency doubler, and a high frequency buffer. The receiver 
consists of a 2.5 GHz low noise mixer, an intermediate fre- 
quency (IF) amplifier, a high gain limiting amplifier, a fre- 
quency discriminator, a received signal strength indicator 
(RSSI), and an analog DC compensation loop. The PLL, 
doubler, and buffers can be used to implement open loop 
modulation along with an external VCO and loop filter. The 
Circuit features on-chip voltage regulation to allow supply 
voltages ranging from 3.0V to 5.5V. Two additional voltage 
regulators provide a stable supply source to external dis- 
crete stages in the Tx and Rx chains. 

The IF amplifier, high gain limiting amplifier, and discrimina- 
tor are optimized for 110 MHz operation, with a total IF gain 
of 85 dB. The single conversion receiver architecture pro- 
vides a low cost, high performance solution for communica- 
tions systems. The RSS! output may be used for channel 
quality monitoring. | 


Block Diagram 


The Single Chip Radio Transceiver is available in a 48-pin 
7mm X 7mm X 1.4mm PQFP surface mount plastic pack- 
age. 


Features 

m@ Single chip solution for ISM 2.45 GHz RF transceiver 

m System RF sensitivity to -93 dBm; RSSI sensitivity to 
-—100 dBm 

™ Two regulated voltage outputs for discrete amplifiers 

m™ High gain (85 dB) intermediate frequency strip 

m Allows unregulated 3.0V—5.5V supply voltage 

m Power down mode for increased current savings 

m System noise figure 6.5 dB (typ) 


Applications 

@ ISM 2.45 GHz frequency band wireless systems 
m™ Personal wireless communications (PCS/PCN) 
m Wireless local area networks (WLANs) 

m= Other wireless communications systems 


Rx Veg IFiy GND Voc IFoyr GND LIMW Veg GND Voc GND Veg 
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LMX3162 Connection Diagram 
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Top View 
Order Number LMX3162VBH or LMX3162VBHX 
See NS Package Number VBH48A 


Pin Descriptions 


Voc Power supply for CMOS section of PLL and 
ESD bussing. 


MIXERout IF output from the mixer. Veo 
MIXERout 


3 Nee Power supply for mixer section. 
4 | ono [—|Gona SCSC~SCS 


im 7 


6 [end [— [Grom SOS—SCS 
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Pin Descriptions (continued) 


7 


TX VreG Regulated power supply for external PA gain Voc 
stage. 


Voc Power supply for analog sections of PLL and 
doubler. 


Sa 


10 TXout Seas doubler output. Voc 
Txout 


A 


12 Power spel for analog sections of PLL and 
doubler. 


E 
4 | GND 


15 RF aa to PLL and frequency doubler. 





12) 





=< 
z 


16 Chip Enable. Pulling LOW powers down entire 
chip. Taking CE HIGH powers up the 
appropriate functional blocks depending on the 
state of bits F6, F7, F11, and F12 programmed 
in F-latch. It is necessary to initialize the internal 
registers once, after the power up reset. The 
registers’ contents are kept even in power-down 
condition. 


17 


Power supply for charge pump. 








18 Charge pump output. For connection to a loop 


filter for driving the input of an external VCO. 





19 


Power supply for CMOS section of PLL and 
ESD bussing. 


O 
m 


@ 


< 
! | qt 


20 ND 
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Pin Descriptions (Continued) 















21 OUT 0 Programmable CMOS output. Refer to Function Voc 
Register Programming Description section for =A 
details. = Out 0 


Rx PD/Out1 
TXPD/Out 2 


22 Rx PD/OUT 1 I/O | Receiver power down control input or 
programmable CMOS output. Refer to Function 
Register Programming Description section for 
details. 


— 23 Tx PD/OUT 2 /O | Transmitter power down control input or 
programmable CMOS output. Refer to Function 
Register Programming Description section for 
details. 

24 PLL PD PLL power down control input. LOW for PLL 
normal operations, and HIGH for PLL power 
saving. 

25 CLOCK MICROWIRE™ clock input. High impedance 

| CMOS input with Schmitt Trigger. 

26 DATA MICROWIRE data input. High impedance 
CMOS input with Schmitt Trigger. — 

27 LE MICROWIRE load enable input. High 
impedance CMOS input with Schmitt Trigger. 


28 | Oscillator input. High impedance CMOS input 


with feedback. 
29 S FIELD 




















Oscin 


CE 
S_field 






DC compensation circuit enable. While LOW, 
the DC compensation circuit is enabled and the 
threshold is updated through the DC 
compensation loop. While HIGH, the switch is 
Opened, and the comparator threshold is held 
by the external capacitor. : 





Voc 
Vec 
Vec 
Voc 


30 RSSlour Received signal strength indicator (RSSI) 
output. 
RSSlout 






~ THRESH 





31 THRESH : Threshold level to external comparator. 
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Pin Descriptions (continued) 


Input to DC compensation circuit. 


33 


34 
35 
36 


37 
38 
39 
40 
41 
42 


43 
44 


45 
46 


DC COMP, ‘el 


DISCout 


GND - 


ins 
eee Es 


ey 
and | = 
=a 


. nin 
lin 


po Ned ed 
[eno | — | 





Demodulated output of discriminator. 


}Ground. ssisi—‘isSCidCY 
as | Power supply for the discriminator circuit. | | Power supply for the discriminator circuit. | the discriminator circuit. 
Quadrature input for tank circuit. 





IF input to the limiter. 


fGround. ee sss—<—sSSCidY 


IF output from IF amplifier. 





Power supply for IF amplifier output. | 


20-41 


DC Compin 


Quadin 


Vec 


Voc 






DISCout 






From limiter 





www.national.com 


cOLEXINT 


LMX3162 


Pin Descr iptions (Continued) 


Fie [Pinnene [vo [bess 


[| IF input to IF amplifier. 
Rx VreG Regulated power supply for external LNA 
stages. 
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LMX5080 


PRELIMINARY 


National Semiconductor 


PLLatinum™ 2.7 GHz Low Power Dual Modulus 
Prescaler for RF Personal Communications 


General Description 


The LMX5080 integrated dual modulus prescaler, is de- 
signed to be used in a synthesized local oscillator for 
2.5 GHz wireless transceivers. It is fabricated using Nation- 
al’s 0.5) ABiCV silicon BiCMOS process. The LMX5080 con- 
tains three dual modulus prescalers. Either a 128/130, 
256/158 or a 512/514 prescaler can be selected for up to 
2.7 Gz RF input frequencies. The prescaler inputs can be 
driven either differentially, or single ended with the use of a 
coupling capacitor on one of the inputs to ground. The 
LMX5080 CMOS output is optimized to generate very stable, 
low switching noise output signals. The LMX5080 prescaler 
can be used in conjunction with a low frequency Phase Lock 
Loop to form a frequency synthesizer suitable for UHF trans- 
ceivers. Supply voltage can range from 2.7V to 5.5V. The 
LMX5080 features low current consumption; typically 7.0 mA 
at 5V Voc 


The LMX5080 is available in a 8-pin Small Outline (SOP) 
surface mount plastic package. 


Functional Block Diagram 
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Features 
@ 2.7V to 5.5V operation 
m™ Low current consumption: 7 mA (typ) @ 5V 
m -—40°C to +85°C low noise CMOS output 
™ Selectable dual modulus prescaler 
128/130 
256/258 
512/514 
™ 8-pin small package outline (SOP) 


Applications 

m 2.5 GHz wireless communications systems (ISM) 
= Direct Broadcast Satellite systems (DBS) 

m Cable TV tuners (CATV) 


SW2 


Prescalar 


MC 
GND 
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LMX5080 


Connection Diagram 


Pin Descriptions 
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Small Outline Package (SOP) 


IN IN 
Veo" SW2 
SW 1 MC 
OUT = GND 


DS100940-2 


NS Package Number M08A 


Order Number LMX5080M, LMX5080MX 








/O 


. Description 





RF small signal prescaler input. Small signal input from the voltage controlled 
oscillator | 

Power Supply voltage input may range from 2.7V to 5.5V. Bypass capacitors 
should be placed as close as possible to this pin and be connected directly 
to the ground plane. — 













Divide Ratio Control. CMOS logic input. Pin functionality is described in the 
Modulus Control Truth Table. 


Prescaler Output. CMOS level output for connection to low frequency PLL 
input. 


Ground for analog and digital signals. 


Modulus Control Input. High impedance CMOS logic input. Pin functionality is 
described in the Modulus Control Truth Table. 


Divide Ratio Control. High impedance CMOS logic input. Pin functionality is 
described in the Modulus Control Truth Table. 


RF small signal prescaler complementary input. In single-ended mode, a 
bypass capacitor should be placed as close as possible to this pin and be 
connected directly to the ground plane. The IN and IN can be driven 

differentially when the bypass capacitor is omitted. 
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LMX2323 
PLLatinum™ 2.0 GHz Frequency Synthesizer for RF 
Personal Communications 


General Description Features 


The LMX2323 is a high performance frequency synthesizer ™ RF operation up to 2.0 GHz 

with integrated 32/33 dual modulus prescaler designed for ™ 2.7V to 5.5V operation 

RF operation up to 2.0 GHz. Using a proprietary digital m= Low current consumption: Icc = 3.5mA (typ) at 
phase locked loop technique, the LMX2323’s linear phase Vec=3.0V 

detector characteristics can generate very stable, low noise Digital Lock Detect 

control signals for UHF and VHF voltage controlled oscilla- Dual modulus prescaler: 32/33 


10f: Internal balanced, low leakage charge pump 
Serial data is transferred into the LMX2323 via a three-line 


MICROWIRE™ interface (Data, LE, Clock). Supply voltage . : 
range is from 2.7V to 5.5V. The LMX2323 features very low Applications 
curent consumption, typically 3.5mA at 3V. The charge pump ™ Cellular telephone systems (GSM, NADC, CDMA, PDC, 


provides 4 mA output current. PHS) | 
The LMX2323 is manufactured using Nationals ABiC v _™ Personal wireless communications (DCS-1800, DECT, 
BiCMOS process and is packaged in a 16-pin TSSOP. CT-1+) 


m Wireless local area networks (WLANs) 
= DCS/PCS infrastructure equipment 
m= Other wireless communication systems 


Functional Block Diagram 
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Pin Descriptions 
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Top View 
Order Number LMX2323TM, LMX2323TMX 
See NS Package Number MTC16 


Description 


Oscillator input. A CMOS inverting gate input. The input has a Voc/2 input threshold 
and can be driven from an external CMOS or TTL logic gate. 


Power supply for charge pump. Must be = Vc. 


Power supply voltage input. Input may range from 2.7V to 5.5V. Bypass capacitors 
should be placed as close as possible to this pin and be connected directly to the 
ground plane. 


Internal charge pump output. For connection to a loop filter for driving the voltage 
control input of an external oscillator. 


Ground. 


RF prescaler complimentary input. In single-ended mode, a bypass capacitor should 
be placed as close as possible to this pin and be connected directly to the ground 
plane. The LMX2323 can be driven differentially when a bypass capacitor is omitted. 


RF prescaler input. Small signal input from the voltage controlled oscillator. 


High impedance CMOS Clock input. Data is clocked in on the rising edge, into the 
various counters and registers. 


Binary serial data input. Data entered MSB first. LSB is control bit. High impedance 
CMOS input. 


Load Enable input. When Load Enable transitions HIGH, data is loaded into either the 
N or R register (control bit dependent). See timing diagram. 


PLL Enable. A LOW on CE powers down the device asynchronously and 
TRI-STATE®s the charge pump output. 


Lock detect output. This pin can be programmed to provide R counter output, N 
counter output, digital lock detect (CMOS logic) or analog lock detect (open drain). 


No Connect. 
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LMX2354 


Dual Low Power Frequency Synthesizer 


LMX2354 2.5 GHz/550 MHz 


General Description 


The LMX2354 is part of a family of monolithic integrated frac- 
tional N/Integer N frequency synthesizers designed to be 
used in a local oscillator subsystem for a radio transceiver. It 
is fabricated using National’s 0.5 p ABiC V silicon BiCMOS 
process. The LMX2354 contains quadruple modulus pres- 
calers along with modulo 15 or 16 fractional compensation 
circuitry in the RF divider. The LMX2354 provides a continu- 
ous divide ratio of 80 to 32767 in 16/17 / 20/21 
(1.2 GHz—2.5 GHz) fractional mode and 40 to 16383 in 8/9 / 
12/13 (550 MHz—1.2 GHz) fractional mode. The IF circuitry 
for the LMX2354 contains an 8/9 prescaler, and is fully pro- 
grammable. Using a fractional N phase locked loop tech- 
nique, the LMX2354 can generate very stable low noise con- 
trol signals for UHF and VHF voltage controlled oscillators 
(VCO’s). 

For the RF PLL, a highly flexible 16 level programmable 
charge pump supplies output current magnitudes from 100 
YA to 1.6 mA. Two uncommitted CMOS outputs can be used 
to provide external control signals, or configured to Fast- 
Lock™ mode. Serial data is transferred into the LMX2354 via 
a three wire interface (Data, LE, Clock). Supply voltage can 
range from 2.7V to 5.5V. The LMX2354 family features very 
low current consumption; typically LMX2354 (2.5 GHz) — 
7.0 mA. The LMX2354 are available in a 24-pin TSSOP sur- 
face mount plastic package and 24-pin CSP. 


Functional Block Diagram 


15-Bit IF 


fin IF N COUNTER 


IF 
prescaler 







-Rj F 
OSC 15-Bit | 





19-Bit RF 


RF 
- prescaler | N COUNTER ' 
Clock 


24-Bit 
SHIFT REGISTER 
LE 


fin RF 


Data 
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; Sees e 
| 
15-Bit RF 
=bl 
OSCx >. R COUNTER RF 
LD 
FRACTIONAL 


COMPENSATION 





Features 


m Pin compatible/functional equivalent to the LMX2354 
m Enhanced Low Noise Fractional Engine 
mw 2.7V to 5.5V operation 
m Low current consumption 
LMX2354: Iog = 7 mA typical at 3V 
Programmable or logical power down mode: 
loc = 5 WA typical at 3V 
™ Modulo 15 or 16 fractional RF N divider supports ratios 
of 1, 2, 3, 4, 5, 8, 15, or 16 
@ Programmable charge pump current levels 
RF 100 uA to 1.6 mA in 100 pA steps 
IF 100 yA or 800 LA 
m Digital filtered lock detect 
m Available in 24-pin TSSOP and 24-pin CSP 


Applications 

m Portable wireless communications (PCS/PCN, cordless) 
m= Dual mode cellular telephone systems 

= Zero blind slot TDMA systems 

m Spread spectrum communication systems (CDMA) 

m= Cable TV Tuners (CATV) 





OUT 1 


CMOS 
OUTPUT 
MUX 


PHASE CHARGE 
|| Icon, PUMP 
IF 
LD 


CPor 











Fo/LD 





CPope 


CHARGE 
PUMP 
VOLTAGE 
DOUBLER 


CMOS 
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MUX 


OUTO 
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LMX2354 


Connection Diagrams 


oUTO oUTI Yoo, 





OUTO 1 O OUT1 
VeCoe 4 2 Voc 
RF IF 
‘Pep 1° Pir 
GND 5 GND 
fin RF 6 fin IF 
fin RF 7 fin IF 
GND 8 GND Fo/LD RF_EN IF_EN 
DS200048-22 
OSCpr 9 LE 
Order Number LMX2354SLB or LMX2355SLB 
he Te vale See NS Package Number SLB 
Fo/LD 11 CLOCK 
RF_EN 12 IF_EN 
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Order Number LMX2354TM or LMX2355TM 
See NS Package Number MTC24 


Pin Descriptions 


Pin 
No. 


NO F — 


& {|G 


N {OO} oO 


oO} 


10 


11 


Pin 
| oO . . 


OUTO O | Programmable CMOS output. Level of the output is controlled by IF_N [17] bit. 


1 Voce RF PLL power supply voltage input. Must be equal to Vcc,-. May range from 2.7V to 5.5V. 
Bypass capacitors should be placed as close as possible to this pin and be connected directly 
to the ground plane. 

| 2 [Vp | — | Power supply for RF charge pump. Must be 2Vcc,, and Voc). 


pe ee es RF charge pump output. Connected to a loop filter for driving the control input of an external 
VCO. 


| 4  |GND | — | Ground for RF PLL digital circuitry. 
| 5 | finRF | 1 RF prescaler input. Smail signal input from the VCO. 


fin RF RF prescaler complimentary input. A bypass capacitor should be placed as close as possible 

to this pin and be connected directly to the ground plane. 
| 7 |GND | — | Ground for RF PLL analog circuitry. 

OSCre Dual mode oscillator output or RF R counter input. Has a V,,/2 input threshold when 
configured as an input and can be driven from an external CMOS or TTL logic gate. 

OSC Oscillator input which can be configured to drive both the IF and RF R counter inputs or only 

; the IF R counter depending on the state of the OSC programming bit. (See functional 

description 1.1 and programming description 3.1.) 


10 Fo/LD Multiplexed output of N or R divider and RF/IF lock detect. CMOS output. (See programming 
description 3.1.5.) 
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Pin Descriptions (Continued) 


Pin 
No. 
12 


13 


14 


15 


16 


17 
18 


19 
20 
21 
22 
23 


24 


RF_EN RF PLL Enable. Powers down RF N and R counters, prescaler, and TRI-STATE® charge 
pump output when LOW. Bringing RF_EN high powers up RF PLL depending on the state of 
RF_CTL_WORD. (See functional description 1.9.) 


IF_EN IF PLL Enable. Powers down IF N and R counters, prescaler, and TRI-STATE charge pump 
output when LOW. Bringing IF_EN high powers up IF PLL depending on the state of 
IF_CTL_WORD. (See functional description 1.9.) 


ae ee eee impedance CMOS Clock input. Data for the various counters is clocked into the 24-bit 


ie register on the rising edge. 


ol bt Binary serial data input. Data entered MSB first. The last two bits are the control bits. High 
impedance CMOS input. 


15 LE Load Enable high impedance CMOS input. Data stored in the shift registers is loaded into one 
of the 4 internal latches when LE goes HIGH. (See functional description 1.7.) 


| 16 |@nD | — | Ground for IF analog Circuitry. 


17 fin IF IF prescaler complimentary input. A bypass capacitor should be placed as close as possible 
to this pin and be connected directly to the ground plane. 


| 18 |fintiF of ot IF prescaler input. Small signal input from the VCO. 
| 19 {GND | — | Ground for IF digital circuitry. 


| 20 |CPor | O | IF charge pump output. For connection to a loop filter for driving the input of an external VCO. 


| 21 [Vp-p | — | Power supply for IF charge pump. Must be 2 Voc, and Vec,-. 


22 Voce IF power supply voltage input. Must be equal to Voc,,- Input may range from 2.7V to 5.5V. 
| Bypass capacitors should be placed as close as possible to this pin and be connected directly 
to the ground plane. 


OUT1 Rew Programmable CMOS output. Level of the output is controlled by IF_N [18] bit. 
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LMX3305 | | | 


‘PRELIMINARY 


Triple Phase Locked Loop for RF Personal 


Communications 


General Description 


The LMX3305 contains three Phase Locked Loops (PLL) on 
a single chip. It has a RF PLL, an IF Rx PLL and an IF Tx 
PLL for CDMA applications. The RF fractional-N PLL uses a 
16/17/20/21 quadruple modulus prescaler for PCS applica- 
tion and a 8/9/12/13 quadruple modulus prescaler for cellular 
application. Both quadruple modulus prescalers offer 
modulo 1 through 16 fractional compensation circuitry. The 
RF fractional-N PLL can be programmed to operate from 800 
MHz to 1400MHz in cellular band and 1200MHz to 2300 
MHz in PCS band. The IF Rx PLL and the IF Tx PLL are 
integer-N frequency synthesizers that operate from 45 MHz 
to 600 MHz with 8/9 dual modulus prescalers. Serial data is 
transferred into the LMX3305 via a microwire interface 
(Clock, Data, & LE). 


The RF PLL provides a fastlock feature allowing the loop 
bandwidth to be increased by 3X during initial lock-on. 


The supply voltage of the LMX3305 ranges from 2.7V to 
3.6V. It typically consumes 9 mA of supply current and is 
packaged in a 24-pin CSP package. 


Block Diagram 


OSC 


RF Fix 
Tx Fin 


Rx FIN 


Microwire 


—_ 


IF Tx PLL 


: IF Rx PLL Z: 


Features 

m Three PLLs integrated on a single chip 

m@ RF PLL fractional-N counter 

m 16/17/20/21 RF quadruple modulus prescaler for PCS 
application 

m 8/9/12/13 RF quadruple modulus prescaler for cellular 
application 

m 2.7V to 3.6V operation 

Low current consumption: Icg = 9 MA (typ) at 3.0V 

Programmable or logical power down mode: loc = 

10 pA (typ) at 3.0V 

(RF PLL Fastlock feature with timeout counter 

Digital lock detect | 

Microwire Interface with data preset 

24-pin CSP package 


Applications 


= CDMA Cellular telephone systems 
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Tx CP. 


Rx CP, 
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Functional Block Diagram 


Tx Fin 


Rx Fin 


OSCia 


RF Fin 


Clock 
Data 
Load_En 
RF_En 
Rx_En 
Tx_En 


> 


> 


> 


> 






13-Bit Tx 
N Counter 


10-Bit Tx 
R Counter 
13-Bit Rx 


Rx 
prescaler en N Counter 
10-Bit Rx 
R Counter 
an i 


" 
fj oe ecg 
dy oe rd 
19- Hee RF Fractional 
an N Hee Compensation 
FASTLOCK 


Rea | Bit 
Shift Rea | 






Tx 
prescaler 












R fa 





Connection Diagram 





RF_CP, Rx_Fiy 
RF _GND Rx_CP, 
RF_Fin Rx_GND 
RF_Vo¢ Rx_Vec 
Lock _Det OSCy 
n/c} [6 | Tx_Vec 
RF_En Tx_GND 
Rx_En Tx_CP, 
Tx_En [9] Tx_Fiy 
DS101361-3 


Order Number LMX3305SLBX 
See NS Package Number SLB24A 
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Rx_CP, 


Lock_ Det 


RF _Sw1 


RF_Sw2 
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Pin Descriptions 


Pin No. 


Nh 


3 RF_Fin 


& 


ol 
ce 
E 
Q 
O 


Lock_Det 





6 N/C 

7 RF_En. 

ai 
I 
: 
13 
i‘ 
15 Tx_GND 

: 
: 
: 
19 | Rx_GND 
= 
2 
22 RF_Swt1 
23 RF_Sw2 
‘i 
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[Fin Name | v0 


RF_GND RF PLL ground. j 


PWR 


PWR 


PWR 


PW 


Description 


Charge pump output for RF PLL. For connection to a loop filter for driving the input of 
an external VCO. 


RF prescaler input. Smail signal input from the RF Cellular or PCS VCO. 


‘RF PLL power supply voltage. Input may range from 2.7V to 3.6V. Bypass capacitors 


should be placed as close as possible to this pin and be connected directly to the 
ground plane. Tx Voc = RX Veg = RF Vee. _ : | , 
Multiplexed output of the RF, Rx, and Tx PLL’s analog or digital lock detects. The 
outputs from the R, N and Fastlock counters can also be selected for test purposes. 
Refer to Section 2.3.4 for more detail. 

No Connect. 

RF PLL enable pin. A LOW on RF En powers down the RF PLL and TRI-STATE®s the 
RF PLL charge.pump. 

Rx PLL enable.pin. A LOW on Rx En powers down the Rx PLL and TRI-STATEs the 
Rx PLL charge pump. 

Tx PLL enable pin. A LOW on Tx En powers down the Tx PLL and TRI-STATEs the 
Tx PLL charge pump. 

High impedance CMOS clock input. Data for the various counters is clocked on the 
rising edge into the CMOS input. 

Binary serial data input. Data entered MSB first. 

High impedance CMOS input. When LE goes LOW, data is transferred into the shift 
registers. When LE goes HIGH, data is transferred from the internal registers into the 
appropriate latches. 

Tx prescaler input. Small signal input from the Tx VCO.. . 

Charge pump output for Tx PLL. For connection to a loop filter for driving the input of 
an external VCO. 

Tx PLL ground. 

Tx PLL power supply voltage input. Input may range from 2.7V to 3.6V. Bypass 
capacitors should be placed as close as possible to this pin and be connected directly 
to the ground plane. Tx Voc = RX Voc = RF Voc. . 

PLL reference input which has a Vc¢,/2 input threshold and can be driven from an 
external CMOS or TLL logic gate. The R counter is clocked on the falling edge of the 
OSC, signal. 

Rx PLL power supply voltage. Input ranges from 2.7V to 3.6V. Bypass capacitors 
should be placed as close as possible to this pin and be connected directly to the 
ground plane. Tx Voc = Rx Veco = RF Vee. 

Rx PLL ground. 

Charge pump output for Rx PLL. For connection to a loop filter for driving the input of 
an external VCO. 

Rx prescaler input. Small signal input from the Rx VCO. 

An open drain NMOS output which can be use for bandswitching or Fastlocking the 
RF PLL. (During Fastlock mode a second loop filter damping resistor can be switched 
in parallel with the first to ground.) Refer to Section 2.5.3 for more detail. 

An open drain NMOS output which can be use for bandswitching or Fastlocking the 
RF PLL. (During Fastlock mode a second loop filter damping resistor can be switched 
in parallel with the first to ground.) Refer to Section 2.5.3 for more detail. 

RF PLL charge pump power supply. An internal voltage doubler can be enabled in 3V 
applications to aliow the RF charge pump to operate over a wider tuning range. 
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Dedicated Bluetooth Link Controller 


General Description 

The LMX5001 Dedicated Bluetooth™ Link Controller has 
been designed to interface with the LMX3162, Single Chip 
Radio Transceiver to provide a rapid design path to a com- 
plete Bluetooth physical layer. 

The LMX5001 also offers a low power and cost competitive 
solution to the Bluetooth Link Controller function. 

The LMX5001 can be attached to a Link Management Con- 
troller, or Host processor performing the Link Management 
function to implement a complete Bluetooth interface. 
Bluetooth is a world-wide recognized wireless communica- 
tion standard, which operates in the ISM band (2.4 GHz), of- 
fering a low cost and convenient wireless replacement for 
data/voice cable links between fixed and mobile electronic 
devices. 

Utilizing a GFSK modulation scheme, with frequency hop- 
ping, Bluetooth is able to offer a low power, low cost, robust 
and spectrally efficient spread spectrum packet data system. 


Features 

® Bluetooth Specification 1.0B compliant 

™ Bluetooth physical layer, available today 

m Supports Class 1, 2 and 3 Bluetooth (20 dBm, 4 dBm 
and 0 dBm links) | 

@ 1/8 bit sampling resolution 

m Power management for Tx, Rx and PLL 


Block Diagram 


m Piconet and Scatternet communication capable 

= Good Bluetooth radio range coverage (when coupled 
with the LMX3162) 

® Support for RSSI channel quality monitoring 

@ Bluetooth Encryption Engine 


Applications 

= PCMCIA Cards 

™ Mobile Phones 

= Laptop PCs 

@ Palmtop PCs 

= Desktop PCs 

= Computer Peripherals 
= Wireless Modems 

= PDAs 

@ Palmtops 

= POTS 

@ Digital Camerds 

@ Fax 

@ Printers 

@ Bar-code Readers 

w Notepads 

® Cordless Headsets 

® in-vehicle Communications 


Functional Block Diagram 
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Connection Diagram 


BT_TxData 


Pin Descriptions 


Pin 
No. 


Ss 


BT_TxData 


2 VCO_BS 


3 S_FIELD2 
4 S_FIELD1 


-) 

6 

7 

8 

9 

10 

" 
12 R_CE 


i 
14 
1 
17 PA_ON 
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36 SYSLOAD 
SYSTICK |. 
~ XTALO’ 
XTALL 
= Xtal_adj 
PWDNACK 
PWON 
SCLK 
=TxFrSyne 
RxFrSyne_ 
RxData. 
TxData 


GPIO1 
-LPXTALI 


-LPXTALO 
GPIo2 
- GPIO3 
GPI04 


_ DS161340-7 


Description 
Transmit ‘data 
VCO band switch control signal. 


LMX3162 DC compensation circuit enable. This signal is enabled (low) throughout 
the correlation phase. | - a | =a 
LMX3162 DC compensation circuit enable. At the beginning of the correlation 
phase this signal is enabled (low) for 15 us. For the remainder of the correlation 
phase this signal is PWM by 1/8 (cycle time = 1 us). | 
LMX3162 4 MHz oscillator input to the PLL synthesizer. This signal is only 


enabled when the LMX3162 is active. — 
MICROWIRE™ data to LMX3162. | 
MICROWIRE load enable to LMX3162. 
MICROWIRE clock to LMX3162. at ’ 
LMX3162 PLL power down. This signal is used to open the PLL loop or powering 
down the PLL. The PLL loop is opened when transmitting to make it possible to 
FSK modulate the VCO. When receiving it is optional to open the PLL loop 
(configured by the PLLOpenRxX bit in threshold_msb). 


LMX3162 Transmitter power down. For power conservation, the Transmitter is 


only powered during Transmit Frames. ~ 


powered during Receive Frames. | 


LMX3162 Receiver power down. For power conservation, the Receiver is only 


. LMX3162 chip enable. When the LMX5001 is in Idle Mode the LMX3162 is 


powered down. 


-+3.3V 


OV. 
Antenna switch control... - 


Antenna:switch control: This signal is RFSW1 ‘inverted, 


Switches the external PA on/off for 20 dBm/0 dBm transmission, respectively. 
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Pin Descriptions (continued) 
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ei | PinName /0 Description 

18 /O XTAL configuration during reset (Note 1). 
(XTAL Config) 

19 GPIO1 /O XTAL configuration during reset (Note 1). 
(XTAL Config) 

20 ee | 128 kHz XTAL connection for low power mode. This is used in low power mode. If 
the low power mode is not used it is not necessary with at XTAL here. External 
128 kHz clock can also be feed in here. 

21 | LPXTALO =| isd 128 kHz XTAL connection. 7 

22 GPIO2 /0 General Purpose 1/O = 

23 General Purpose I/O 

24 /O General Purpose I/O 

25. | TxData—~| 1 | LCI Data Transmit 

26 | RxData = |  O _ | LCI Data Receive 

27 | RxFrSyno = | COC LCI Receive Frame Sync. 

28 | TrFrSync = | CO LCI Transmit Frame Sync. 

29. | SCLK = | =O ___| LCI Serial Clock. 

30 | PWON tists Power Down to Link Management Controller 

31 | PWDNACK | 1 | Power Down Acknowledge from Link Management Controller 

32 | XtaLaj = (§s ss] Os PWM signal to make adjustments to the XTAL. 

33. | XTALL = | ~——'I-_—__s|._: 16 MHz XTAL connection. (External clock input). 

34 | XTALO =f 16 MHz XTAL connection. 

35 | SYSTICK | O- | Systick generated from the internal LMX5001 Master/Slave Counter. 

36 | When low holds the LMX5001 in Idle Mode. A rising edge causes a system load 
After a rising edge the LMX5001 will start to load control data from and store 
status information to the LMC via the LCI. 

39 ae ae Reset. After Reset is released the LMX5001 will be in Idle Mode, awaiting a 
SYSLOAD. 

40 | Testo = | Should be tied low. This signal is used in production test. 

41 | Testi = | ot | Should be lied low. This signal is used in production test. 

42 aes Maen Xtal clock output to Link Management Controller. This signal can be disabled 
using the Sysload Command (for power saving). 

43 /O General Purpose I/O 

44 ee PWM signal to make it possible to adjust the quadrature tank circuit to the 
LMX3162. 

45 | RSSLadgi = Gs | COO PWM signal for use in creating an RSS! AD converter. 

46 | COMP_RSSI =| oI Output from the external comparator in the RSSI AD converter. 

47 fee | DC Compensation circuit enable. At the beginning of the correlation phase, this 
signal is enabled (low) for 15 us. 

48 | BT_RxData | I | Receive data. 


Note 1: During Reset GPIOO and GPIO1 are sampled to setup the Xtal division ratio. The assumed external Xtal frequency is derived using the following relationship: 











Xtal Division Ratio 


Tari | GPioo | ____‘XtalDivision Ratio _——=s 


After Reset is completed, GPIOO and GP!O1 can be used as normal general purpose I/Os. 
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National Semiconductor 


Military-Aerospace Product Services 


National Semiconductor is one of the largest suppliers of IC products for high reliability applications. We’ve provided analog 
and mixed-signal engineering for the military, aerospace and space markets for more than 30 years and our future commit- 
ment is equally firm. 


Our expertise in system design and integration is creating innovative solutions for space, radar, communications, and other 
applications. For fast, effective product design, development, and delivery, National provides knowledge in systems integra- 
tion and design, as well as organizational and partnership strategies whether the product you need comes off-the-shelf or 
is customized for your environment and application. 

National continually evaluates and develops new products for high reliability applications including expanding our space and 
RHA portfolio, introducing low-voltage analog, interface, and logic components and qualifying PLLs for the wireless market. 


Processing Capabilities 


SPACE-LEVEL SYSTEMS 












QMLV QML (DSCC Qualified Manufacturers List) product processed to MIL-PRF-38535 for space-level 
applications. 
QMLV“R” QML (DSCC Qualified Manufacturers List) product processed to MIL-PRF-38535 with 


guaranteed RHA radiation assurance testing. 

QPL (DSCC Qualified Products List) products processed to MIL-PRF-38535 Appendix B for 

space-level applications. 

JAN Class S “R” QPL (DSCC Qualified Products List) products processed to MIL-PRF-38535 Appendix B Level 
S with guaranteed RHA radiation assurance. 

NAVAL/AIR/GROUND SYSTEMS | 

QMLQ QML (DSCC Qualified Manufacturers List) product processed to MIL-PRF-38535 for ground 

applications. 


JAN Class B QPL (DSCC Qualified Product List) products processed to MIL-PRF-38535 Appendix A Level B. 


JAN Class B “R” QPL (DSCC Qualified Product List) products processed to MIL-PRF-38535 Appendix A Level B, 
QMLQ“R” using space qualified die. Guaranteed RHA radiation assurance testing. 


Standard Microcircuit Drawing tactical-level products processed to QML Level Q with electrical 
specifications controlled by DSCC. (National’s SMD products that include an M or Q in the 
SMD part number are controlled by and fully compliant with MIL-PRF-38535 QML Q.) 


1883 Products processed to MIL-STD-883 Level B for military with electrical specifications controlled 
by manufacturer. 


COMMERCIAL GRADE SYSTEMS 


Hermetic commercially processed product. 


National Semiconductor has a large radiation-tested product offering, High Reliability devices, 
which are not currently offered as radiation-tolerant product, may be procured with Total Dose 
Testing performed as an add-on option. Reports of radiation test, performed by National, are 

available on many device types upon request. 


JAN Class S 



















OTHER SERVICES 
Radiation Testing 
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Radiation Test Results 





Linear Products 


Part Number 


LF156 
LM35AH 
LM101A 
LM108A 
LM109 
LM111 
LM113 
LM117H 
LM117K 
LM118 
LM119 
LM120-12(H) 
LM120-12(K) 
LM120-15(H) 
LM120-15(K) 
LM124 
LM124A 
LM135 
LM136AH-2.5 
LM136AH-5.0 
LM137(H) 
LM137(K) 
LM139A 
LM140-5(H) 
LM140-12(K) 
LM140-15(H) 
LM140-15(K) 
LM148 
LM158 
LM158A 
LM185 
LM193 
LM193A 
LM555 
LM723 
LM1575J-5.0 
LM1575J-ADJ 
LM6142AMJ 
LM6161 
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Radiation Test Results 





Single Event Latchup 







Typical Performance 
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Linear Products (continued) 


Total lonizing Dose Results Single Event Latchup aes 
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Total Dose to 
Pre-Rad Limit 
(krad) 









Functional 


(MeV/mg/cm?) 
Level (krad) 









S}NseyY S98] UOHeIPeY 


0 
TE OS 
a 
repost | Tap | >7s_-| >100 | No | >90 | Bipolar 
repsoss [tap aod Ss | Si S~*dCClar 


Note 1: Linear products have been irradiated to High Dose rates as required by MIL-STD-883D, Method 1019.4. “Worst-case” conditions for Linear products are de- 
rived through Low Dose Rate testing. 


Note 2: Using pre-radiation limits provides small additional margin for Linear products that are used in space environments tested at high dose rate. 


Note 3: Parts qualified to RHA Level R are guaranteed to meet their post rad specifications after 100 krads(Si) total dose. Rad levels for all other products are typical 
and are not guaranteed. 
















LVDS (Low Voltage Differential Signalling) Products 


Single 
Event Effects 
Product | Parameter| ° bid 30 50 100 300 +25°C Heavy Ion 
krad(Si) | krad(Si) | krad(Si) | krad(Si) | krad(Si) | krad(Si) | Anneal Test Results 
Latchup 
(SEL [MeV/(mg/cm?)] 


| Dics_[sasmy|2smy] asm |asmy| [ese [aie 
[Pico _|sosmy] azemy [sts [ssn] || mieve| 
j ten | romn | rove | asun | aun || ete [amie 
[tees | roma | some | asva | 2500 | Latino] 

ae ee 


DS90C0G2 | Teouer | TMA | Tima | 25mA | 2emA |_| 25mA | 

Tlecnae [14m | itma | 25ma | 26ma] | a5ma | | SSS—~™ 
Tlecnas [ttm [itma | 25ma | 25mA | | a5ma | | SSCS 
Tlecioe [Tima [it mA | 26mA | 25mA | | sma | | 
Tlecuas | ttma | 1tma | 25ma | 26mA| | a5ma | | SSSS—~S 
leczar | Tima [ttma | 26mA | 25mA| | 25ma | | 
Teczea | Tima | 11mA | 25mA | 25mA | | 25ma| | 
TTeczes | Tima | t1mA | 26mA | 25ma[ | 25ma | | 
Tleczae [14 mA | 1tmA[ 25mA | 25mA[ | 25ma | | SSSSCS—~S 
Tleczos | Tima [t1ma | 26m | 25ma[ | 25ma | | 
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Radiation Test Results 





| CBIC-U (54x54 Mil Die Size) Process Type/Base Chip Technology 





Standard Interface Products 


: Single | 
| Event Effects 
3 10 50 300 +25°C Heavy Ion — 
Parameter . . : ; P E : 
krad(Si) | krad(Si) | krad(Si) | krad(Si) | krad(Si) | krad(Si) | Anneal Test Results 
Latchup 
| (SEL [MeV/(mg/cm?)] 


DS16F95 All Meets Meets Meets Meets Meets Not 
| Parameters | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Available 
All 
P 


arameters | Pre-Rad | Pre-Rad Available 

Parameters | Pre-Rad | Pre-Rad Available 

Parameters | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Available 

Parameters | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Pre-Rad | Available 
High-Performance Op Amps | 


Neutron Irradiation *Actual Part | Other Parts 
Total Dose krads(Si Dose Rate Result Summer 
(Neutron/cm”) Tota Dose wads(s) | Dose ate | Resut summery __Tested _|within Process 


CBIC-U (39x39 Mil Die Size) Process Type/Base Chip Technology 


1x10 12 30, 100, 300, 1000 50 rads/sec Slight change in DC operating} CLC109 
| CLC110 
Not Available 10, 30, 50, 100 570 rads (si)/min | No degradation of gain; slight | CLC401* 
















CLC111 
CLC406 
CLC412 
CLC425 


CLC522 
CLC532 


















CLC400* 
degradation of bandwidth at 
initial radiation exposure. 











Not Available 10 155 rads/sec Slight change in DC operating | CLC400* 


point; no degradation in AC |CLC401* 
should meet specification to 


characteristics. 
CLC400* CLC410 
CLC420 
CLC422 
3000 krads. 





Not Available 


10, 30, 100, 300, 1000 | 140 rads (Si)/sec | Negligible degradation to 


1000 krads specification; 



















1.85x10 14 Little change in the small 
signal frequency response CLC502 
over a wide gain range. 
Not Available 5, 10, 15, 20, 25 500 rads/hour No degradation of gain; slight 
degradation of bandwidth at 
iniital radiation exposure 
characteristics; no AC testing 
performed. 
pee ee Pee 
point 
CBIC-U (76x65 Mil Die Size) Process Type/Base Chip Technology | 
30, 100, 300, 1000 CLC533* 
CBIC-V2 (44x44 Mil Die Size) Process Type/Base Chip Technology 
Report Available 
















Generic CBIC-V* 
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High-Performance Op Amps (continuea) 


Neutron Irradiation *Actual Part {Other Parts 
Total Dose krads(Si Dose Rate Result Summer 
(Neutron/cm?) Tota Dose a(S] Dose Rate | Resut Summary Tested _|within Process 


CBIC-R (56x68 Mil Die Size) Process Type/Base Chip Technology 
Reports Available 155 rads/sec CLC430* —_ 
*Tested 


Note: Parts available to RHA are guaranteed to meet their post rad specifications after 100 krad (si) total dose. 
Rad levels for all other products are typical and are not guaranteed. 


















Change in outset voltage and 
bias current; moderate 
change in transimpedance. 
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SMD/JAN Drawing Cross-Reference 
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CLC409AE-QML 
CLC409AJ-QML 
CLC410AJ-QML 
CLC411AJ-QML 


Video Op Amp 

Low Distortion Op Amp 
Low Distortion Op Amp 
WB Op Amp 

High Speed Video Op Amp 


[National NSID | SMDWJAN Drawing No. | ——~—~S~*urction——«d 
TeLCHoAJ-aML | 696 
5060-9687601MPA 
5962-9280001M2A 
CLCTT4A,-OML 
CLCAG2AL-QML 
CLO404J-GML 


CLC110AJ-QML 5962-8997501PA | 


[CLC4Y2AE-GML | 5960-0471001M2A | Low Crosstalk WB Op Amp 

Low Crosstalk WB Op Smp 

General Purpose Quad Op Amp 

General Purpose Quad Op Amp 

[CLCaB0BE-CNL | 5962-0175602M2A | WB Low Power Op Amp——SSSSSCSCS~S~S 
5060-0175800MPA 
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National NSID 
CLC520AJ-QML 
CLC522AE-QML 
CLC522AJ-QML 
CLC532AE-QML 
CLC532AJ-QML 
DS1691AJ-SMD 
DS16F95E/883 
DS16F95J-QMLV 
DS16F95J/883 
DS16F95W-SMD 
DS16F95WG/883 
DS1776E/883 
DS26C31ME/883 
DS26C31MJ/883 
DS26C31MW/883 
DS26C31MWG/883 
DS26C32AME/883 
DS26C32AMJ/883 
DS26C32AMW/883 
DS26C32AMWG/883 
DS26F31ME/883 
DS26F31MJ-QMLV 
DS26F31MJ/883 
DS26F31MW-QMLV 
DS26F31MW/883 
DS26F32ME/883 
DS26F32MJ-QMLV 
DS26F32MJ/883 
DS26F32MW-QMLV 
DS26F32MW/883 
DS26LS31ME-SMD 
DS26LS31MJ-QMLV 
DS26LS31MJ-SMD 
DS26LS31MW-QMLV 
DS26LS31MW-SMD 
DS26LS32ME/883 
DS26LS32MJ/883 
DS26LS32MW/883 
DS26LV31W-QML 
DS26LV32AW-QML 
DS7831J-SMD 
DS7831W-SMD 
DS78C120J/883 
DS78C20J/883 
DS90C031E-QML 
DS90C031W-QML 
DS90C032E-QML 
DS90C032W-QML 
DS9622ME/883 
DS9622MJ/883 


SMD/JAN Drawing No. 
5962-9169401MCA 
5962-9451701M2A 
5962-9451701MCA 
5962-9203501M2A 
5962-9203501MCA 
5962-8672101EA 
5962-89615012A 
5962-8961501VPA 
5962-8961501PA 
5962-8961501HA 
5962-8961501QXA 
5962-9231701M3A 
5962-9163901M2A 
5962-9163901MEA 
5962-9163901MFA 
5962-9163901MXA 
5962-9164001M2A 
5962-9164001MEA 
5962-9164001MFA 
5962-9164001MXA 
5962-7802302M2A 
5962-7802302VEA 
5962-7802302MEA 
5962-7802302VFA 
5962-7802302MFA 
5962-7802005M2A 
5962-7802005VEA 
5962-7802005MEA 
5962-7802005VFA 
5962-7802005MFA 
5962-7802301Q2A 
5962-7802301VEA 
5962-7802301MEA 
5962-7802301 VFA 
5962-7802301MFA 
5962-7802006Q2A 
5962-7802006QEA 
5962-7802006QFA 
5962-9858401QFA+ 
5962-9858501QFA+ 
8004101EA 
8004101FA 
5962-8963001EA 
5962-9321101MCA 
5962-9583301Q2A 
5962-9583301QFA 
5962-9583401Q2A 
5962-9583401QFA 
5962-87522012A 
5962-8752201CA 


WB AGC Op Amp 
WB Variable Gain Op Amp 
WB Variable Gain Op Amp 
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Wide Range Multiplexer 

Wide Range Multiplexer 

Single Line Driver 

High Speed Single Transceiver 
High Speed Single Transceiver 
High Speed Single Transceiver 
High Speed Single Transceiver 
High Speed Single Transceiver 
Pi-Bus Transceiver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Driver 

Quad Line Receiver 

Quad Line Receiver 

Quad Line Receiver 

Quad Low Voltage Line Driver 
Quad Low Voltage Line Receiver 
Dual Differential Line Driver 
Dual Differential Line Driver 
Dual Line Receiver 

Dual Line Receiver 

Quad LVDS Line Driver 

Quad LVDS Line Driver 

Quad LVDS Line Receiver 
Quad LVDS Line Receiver 
Dual Line Receiver 

Dual Line Receiver 
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SMD/JAN Drawing Cross-Reference 


DS9627MJ/883 Dual Line Receiver 
DS9636AJ/883 Dual Line Driver 
DS9637AMJ/883 Dual Line Receiver 
DS9638J/883 Dual Line Driver 


National NSID 
DS96F172ME/883 Quad Line Driver 
DS96F172MJ-QMLV Quad Line Driver 
DS96F172MU/883 Quad Line Driver 
DS96F173ME/883 Quad Line Receiver 
DS96F173MJ-QMLV Quad Line Receiver 
DS96F173MJ/883 Quad Line Receiver 
DS96F173MW/883 Quad Line Receiver 
DS96F174ME/883 Quad Line Driver 
DS96F174MJ-QMLV Quad Line Driver _ 
DS96F174MU/883 Quad Line Driver 
DS96F174MW/883 Quad Line Driver 
DS96F175ME/883 Quad Line Receiver 
0 


DS96F175MJ-QMLV 5962-9076601VEA Quad Line Receiver 


| 5962-9076601VEA 
DS96F175MJ/883 Quad Line Receiver 
DS96F175MW/883 Quad Line Receiver. 
HPC003U20/883 16-Bit High Performance Microcontroller 
L101ABCA General Purpose Op Amp | 
L1i01ABGA General Purpose Op Amp 
L101ABHA General Purpose Op Amp 
L101ABPA General Purpose Op Amp 
JL101ASGA General Purpose Op Amp 
JL101ASHA | | JM38510/10103SHA | General Purpose Op Amp 
L101ASPA General Purpose Op Amp 
L108ABCA | JM38510/10104BCA —_| Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Li08ABZA Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
L108ASPA Precision Op Amp 
L109BXA Voltage Regulator 
JL109BYA Voltage Regulator 
L109SXA Voltage Regulator 
L111BCA Voltage Comparator 
L111BGA Voltage Comparator 
L111BHA Voltage Comparator 
JL111BPA Voltage Comparator 
JL111SGA Voltage Comparator 
JL111SHA Voltage Comparator 
JL111SPA Voltage Comparator 
JL117BXA Adjustable Regulator 
JL117BYA Adjustable Regulator 
JL117SXA Adjustable Regulator 
JL117SYA Adjustable Regulator 


qjfyanjyoryj an ee ee eo 
jm |r ee Ce 
coal Hell Hosen ee 
O19/9° D19/o 
© | Go| ©0 | Go} 
>| >| > >| >| > 
1D!” M;/ 0) WwW 
Lt} @)!O cee no) 
>| >| > >| >| > 
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National NSID 
JL118BCA 
JL118GBA 
JL118BHA 
JL118BPA 
JL118SGA 
JL118SHA 
JL118SPA 
JL119BCA 
JL119BIA 
JL120-12BXA 
JL120-12BYA 
JL120-15BXA 
JL120-15BYA 
JL120-15SXA 
JL120-5BXA 
JL120-5BYA 
JL120-5SXA 
JL120-5SYA 
JL124ABCA 
JL124ABDA 
JL124ASCA 
JL124ASDA 
JL124BCA 
JL124BDA 
JL124SCA 
JL124SDA 
JL137BXA 
JL137BYA 
JL137SXA 
JL137SYA 
JL139BCA 
JL1i39BDA 
JL139SCA 
JL139SDA 
JL140-12BXA 
JL140-12BYA 
JL140-12SXA 
JL140-12SYA 
JL140-15BXA 
JL140-15BYA 
JL140-15SYA+ 
JL140-5BXA 
JL140-5BYA 
JL140-5SXA 
JL140-5SYA 
JL147BCA 
JL148BCA 
JL148BDA 


— 
rr 
—_ 
mS 
© 
e8) 
N 


JL148SCA 


JM38510/10107BCA Fast Op Amp 
Fast Op Amp 
Fast Op Amp 
Fast Op Amp 
Fast Op Amp 
Fast Op Amp 
High Speed Dual Comparator 
High Speed Dual Comparator 
JM38510/11502BXA Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Adjustable Regulator 
Adjustable Regulator | 
Adjustable Regulator 
Adjustable Regulator 
Quad Comparator 
Quad Comparator 
Quad Comparator 
Quad Comparator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Voltage Regulator 
Wide BW Quad JFET Op Amp 
uad Op Amp 
uad Op Amp 
uad Op Amp 
uad Op Amp 


O 


O}O 
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National NSID 
JL148SDA 


JL156BGA 
JL156SGA 
JL193BGA 
JL193BPA 
JL198BGA 
JL198SGA 


JL411BPA 
JL412BGA 
JL412BPA 
JL555BGA 
JL555BPA 
JL555SGA 
JL555SPA 
JL723BIA 
JL723SCA 
JL723S1A 
JL741BCA 
JL741BGA 
JL741BHA 
JL741BPA 
JL741SGA 
JL741SPA 
JL747BCA 
JL747BDA 
JL747BIA 
JL747SCA 
JL747SIA 
LF147J-SMD 
LF412MJ-SMD 
LM101AHRQML 
LM101AHRQMLV 
LM101AJRQML 
LM101AJRQMLV 
LM101AWRQML 
LM101AWRQMLV 
LM108AHROML 
LM108AHRQMLV 
LM108AJ-8RQML 
LM108AJ-8RQMLV 
LM108AJRQML 
LM108AJROMLV 
LM108AWGRQML 
LM108AWGRQMLV 
LM108AWRQML 
LM108AWRQMLV 
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~ | 8102306CA 


JM38510/11904BPA 


JM38510/11905BGA 


[SO62RSSSI0IVGA 


Function 
Quad Op Amp 
Dual Op Amp 
JFET Input Op Amp 
JFET Input Op Amp 
Dual Comparator _ 
Dual Comparator 
Monolithic Sample and Hold . 
Monolithic Sample and Hold 
LDO Regulator 
LDO Regulator 
LDO Regulator 
JFET Input Op Amp 
JFET Input Dual Op Amp 
JFET Input Dual Op Amp 
Timer 
Timer 
Timer 
Timer 
Precision Voltage Regulator 
Precision Voltage Regulator 
Precision Voltage Regulator 


Op Amp 

Op Amp 

Op Amp 

Op Amp 

Op Amp 

Op Amp 

Dual Op Amp 
Dual Op Amp 
Dual Op Amp 
Dual Op Amp 
Dual Op Amp 
Wide BW Quad JFET Op Amp 
JFET Input Dual Op Amp 
Single Op Amp 
Single Op Amp 
Single Op Amp 
Single Op Amp 
Single Op Amp 
Single Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
Precision Op Amp 
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[National NSID_ 


LMT 13H-OMLV 
LM113H-SMD 
LMT13WG-OML 
LM113WG-QMLV 
LM1T7HROML 
LM117HRQMLV 
LMT17KROML 
LM117KRQMLV 
LW TGHPGML 
LM118HPQMLV 
LM118J-8PQML 
LM118J-8PQMLV 
LM118WGPQML 
LM118WGPQMLV 
LMT19H-OMLV 
LMT @HRGML 
LM119HRQMLV 


LMI 19H-SMD 
LM119J-OMLV 
LM119JROML 
LM119JRQMLV 
LW119-SMD 
LM119WGRQML 
LM119WGRQMLV 
LM T9W-GMLV 
LM1 19WRGML 
LM119WRQMLV 
LMT 19W-SMD 
iwi T9WG-SMD 
LM124A/883 
LM124AJRQML 
LM124AJROMLV 
LM124AWG/883 
LM124AWGROML 
LM124AWGROMLV 
LM124AWROML 
LM124AWRQMLV 
LM124J/683 
5962-8992101XA 


Op Amp/Voitage Reference 
Single Comparator 

Single Comparator 

Single Comparator 

Single Comparator 

Single Comparator 

Single Comparator 

Reference Diode 

Reference Diode 

Reference Diode 

Reference Diode 

Reference Diode 

Reference Diode 

Reference Diode 

Positive Adjustable Regulator 
Positive Adjustable Regulator 
Positive Adjustable Regulator 
Positive Adjustable Regulator 
Single Op Amp 

Single Op Amp 

Single Op Amp 

Single Op Amp 

Single Op Amp 

Single Op Amp 

High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 


High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 


High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 
High Speed Dual Comparator 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Low Power Quad Op Amp 
Precision Voltage Reference 
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SMD/JAN Drawing Cross-Reference 


National NSID SMD/JAN Drawing No. Function 
LM136AH-2.5RQML 5962R0050101QXA Reference Diode 


LM136AH-2.5RQV 5962R0050101VXA Reference Diode 
LM136AH-5.0-SMD 8418002XA Reference Diode 
LM137HPQML 5962P9951701QXA Negative Adjustable Regulator 


LM137HPQMLV Negative Adjustable Regulator 
LM137H-SMD Adjustable Regulator 
LM137HVH-SMD Adjustable Regulator 
LM137HVK-SMD Adjustable Regulator 
LM137KPQML Negative Adjustable Regulator 
LM137KPQMLV Negative Adjustable Regulator 
LM137K-SMD Adjustable Regulator 
LM139AJ-QMLV Quad Comparator 
LM139AJ-SMD Quad Comparator 
LM139AJRQML Quad Comparator 
LM139AJRQMLV Quad Comparator 
LM139AW-QMLV Quad Comparator 
LM139AW-SMD Quad Comparator 
LM139AWG-QMLV Quad Comparator 
LM139AWG-SMD Quad Comparator 
LM139AWGRQML Quad Comparator 
LM1i39AWGRQMLV Quad Comparator 
LM139AWRQML Quad Comparator 
LM1i39AWRQMLV Quad Comparator 
LM150K/883 Adjustable Power Regulator 
LM1575HVK12-QML Switching Regulator 
LM1575HVK5-QML 5962-9167202QXA Switching Regulator 
LM1575HVKAD-QML Switching Regulator 
LM1575J-12-QML Switching Regulator 
LM1575J-15-QML Switching Regulator 


LM1575J-5.0-QML 5962-9167201QEA Switching Regulator 


LM1575J-ADJ-QML 5962-9167101MEA Switching Regulator 


LM1575K-5.0-QML 5962-9167201MXA Switching Regulator 
LM1575K-ADJ-QML Switching Regulator 
LM1575WG5.0-QML Switching Regulator 
LM1575WG12-QML Switching Regulator 
LM1575WG15-QML Switching Regulator 
LM1575WGADJ-QML Switching Regulator 
LM1577K-12/883 Switching Regulator 
LM1577K-ADJ/883 Switching Regulator 
LM158AHLQML Low Power Dual Op Amp 
LM158AHLQMLV Low Power Dual Op Amp 
LM158AH-QMLV Low Power Dual Op Amp 
LM158AH-SMD Low Power Dual Op Amp 
LM158AJLQML Low Power Dual Op Amp 
LM158AJLQMLV Low Power Dual Op Amp 
LM158AJ-QMLV Low Power Dual Op Amp 
LM158AJ/883 Low Power Dual Op Amp 
LM158AWGLQML Low Power Dual Op Amp 
LM158AWGLOMLV Low Power Dual Op Amp 
LM158AWG/883 Low Power Dual Op Amp 


www.national.com 21-14 


National NSID SMD/JAN Drawing No. 
LM158AWG-QMLV 5962-8771002VXA 


LM158H-SMD 
LM158J/883 
LM160H/883 
LM185BYH-SMD 
LM185BYH1.2-SMD 
LM185BYH2.5-SMD 
LM185H-1.2-SMD 
LM185H-2.5-SMD 
LM185WG-1.2/883 
LM193AH-QMLV 
LM193AH/883 
LM193AJ-QMLV 
LM193AJ/883 
LM194H/883 
LM195H/883 
LM195K/883 
LM199AH-SMD 
LM2940J- 12/883 
LM2940J-15/883 


| LM2940J-5.0/883 


LM2940WG5.0/883 
LM2940WG5.0/883 
LM2940WG- 12/883 
LM2940WG- 15/883 
LM2941J/883 
LM2941WG/883 
LM2990J-12-QML 
LM2990J-15-QML 
LM2990J-5.0-QML 
LM2990WG5.0-QML 
LM2990WG-12-QML 
LM2990WG-15-QML 
LM2991J-QML 
LM2991J-QMLV 
LM2991WG-QML 
LM3940J-3.3-QML 
LM3940WG3.3-QML 
LM6121H/883 
LM6121J/883 
LM6142AMJ-QML 
LM6161J-QMLV 
LM6161J/883 
LM6161W-SMD 
LM6161WG-QMLV 
LM6161WG/883 
LM6162J-QMLV 
LM6162J/883 
LM6162WG-QMLV 


LM6162WG/883 


5962-9088401QXA 


5962-9088501QXA 
5962-9166701QEA 


5962-9571001QEA 


5962-9571101QEA 
5962-9571101QXA 


5962-9571001QXA 


5962-9570901QXA 


Function 
Low Power Dual Op Amp 
Low Power Dual Op Amp 
Low Power Dual Op Amp 
High Speed Differential Comparator 
Adjustable Voltage Reference 
Fixed Voltage Reference 
Fixed Voltage Reference 
Fixed Voltage Reference 
Fixed Voltage Reference 
Fixed Voltage Reference 
Dual Comparator 
Dual Comparator 
Dual Comparator 
Dual Comparator 
Super Mach Pair Op Amp 
Power Transistor 
Power Transistor 
Precision Voltage Reference 
LDO Regulator 
LDO Regulator 
LDO Regulator 
LDO Regulator 
LDO Regulator 
LDO Regulator 
LDO Regulator 
Adjustable LDO Regulator 


LDO Regulator 
LDO Regulator 
LDO Regulator 
LDO Regulator 
LDO Regulator 
LDO Regulator 


5962-9650501QEA Adjustable LDO Regulator 
5962-9650501VES Adjustable LDO Regulator 
5962-9650501QXA Adjustable LDO Regulator — 


5962-9688401QEA 


5962-9166701QYA Adjustable LDO Regulator 


LDO Regulator 


5962-9688401QXA LDO Regulator 
5962-9081201MGA VIP Buffer 


5962-9570901QEA 


5962-9081201MPA 
5962-8962101VPA+ 


VIP Buffer 


VIP Op Amp 


5962-9550301QPA VIP Voltage Feedback Dual Op Amp 


5962-9216501VXA 


5962-9216501MXA 


VIP Op Amp 
VIP Op Amp 
VIP Op Amp 
VIP Op Amp 
VIP Op Amp 
VIP Op Amp 
VIP Op Amp 
VIP Op Amp 
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SMD/JAN Drawing Cross-Reference 

































LM6164J-QMLV 5962-8962401VPA VIP Op Amp 


LM6164J/883 5962-8962401PA - VIP Op Amp ; 


LM6165J-QMLV 5962-8962501VPA VIP Op Amp 


LM6165J/883 


LM6164WG/883 5962-8962401 XA VIP Op Amp 


LM6164W-SMD 5962-8962401HA VIP Op Amp 
LM6164WG-QMLV 5962-8962401VXA VIP Op Amp 

5962-8962501PA VIP Op Amp 
LM6165WG-QMLV 5962-8962501VXA VIP Op Amp 
LM6165WG/883 5962-8962501XA VIP Op Amp 


LM6172AMJ-QML 5962-9560401QPA VIP Voltage Feedback Dual Op Amp 
LM7171AMJ-QML | 5962-9553601QPA VIP Voltage Feedback Op Amp 
LM7171AMJ-QMLV 5962-9553601VPA VIP Voltage Feedback Op Amp 
LM7171AMWG-QML 5962-9553601QXA High Speed Single Op Amp 
LM7171AMW-QML 5962-9553601QHA VIP Voltage Feedback Op Amp 


LMC555J/883 5962-8950305PA CMOS Timer 


LMC6061AMJ/883 5962-9460401MPA CMOS Op Amp 


LM6172AMWG-QML 5962-9560401QXA High Speed Dual Op Amp 
LM78S40J/883 5962-8876101EA Switching Regulator 


LM725H/883 5962-9552901MGA Instrumentation Op Amp 

LMC6062AMJ/883 5962-9209403MPA CMOS Dual Op Amp | 
LMC6064AMJ/883 5962-9209303MCA CMOS Quad Op Amp _ 
LMC6462AMJ-QML 5962-9560301QPA CMOS Dual Op Amp 


VIP Voltage Feedback Op Amp 

LP2969AMd-QMLV 
5062-9299601VKA 
5962-9233601QXA Adjustable LDO Regulator | 


SMD/JAN Drawing No. 
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National Semiconductor 


Device Marking Conventions 


National Semiconductor marks devices sold in order to pro- 

vide device identification and manufacturing traceablility in- 

formation. The method of presenting the information marked 

on the device is dependent on the size of the device package 

and the area available for marking, as well as the nature and 

specifications of the device. 

The information presented here describes the majority of the 

device markings a customer will observe. Specific package 

marking for a given device is given in the datasheet for that 

device. A package may have up to four lines of marking. The 

following information is usually contained in each line. 

First line: Manufacturing information 

¢ Company logo 

¢ Wafer and/or assembly plant codes (optional) (see Table 
7 and Table 2) 

e Date code (see Table 3, Table 4, and Table 5) 

e Die run (wafer lot) code 

Second Line: Device part number 

e Device family (see Table 6) 

¢ Device type 

¢ Options 

e¢ Package code (see Table 7) 

Third or fourth line: Optional, depending on device, package 

size, and customer 

¢ Continuation of device identification (if too long for the 
second line) 

| ¢ “Stampoff’ number as required by specific customer re- 
quest and specification 

¢ Notice(s) related to copyright or trademarks 

Very small packages, such as SOT-23, SOT-223, SC70, and 

SC90, are too small to contain all the information discussed 

above. Device identification marking is assigned differently, 

consisting of a four-character code: 

¢ Device type (see Table 9) 

¢ Device identification code 

°¢ Grade 

These small packages also have a date code mark on the 

underside of the package. This is a one-character alpha 

code that represents a particular 6-week period during a 

3-year span. 

The specific marking for a given device can be found in the 

device datasheet. Other date code information, which would 

be typically found in the “first line” marking, is identified on 

the container labels. 

Figure 1, Figure 2, and Figure 3 show the typical arrange- 

ment of marking on large, medium, and very small pack- 

ages. Codes that are most often used in the device marking 

| are listed in the following tables. For chip scale packaged de- 

vices and all other recent updates, please refer to 
www.national.com/packaging. 
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Date Code 
1st Digit - Calendar Year 
2nd & 3rd Digits - 6-Week Period 
in Calendar Year 

Last 2 Characters - Die Run Code 








Indicates Plants 
of Manufacture 






09 VM952AB 
CLC5902VLA 






Pin 1 Orientation —” 


MS101128-1 


FIGURE 1. Marking Convention for Larger Packages 


Date Code 
1st Digit - Calendar Year 
2nd Digit - 6-Week Period 
in Calendar Year 
Last 2 Characters - Die Run Code 







Indicates Plant 
of Assembly 


Part Number ————” 
Pin 1 Orientation 


MS101128-2 


FIGURE 2. Marking Convention for Smaller Packages 


Device Type 


Device Identification 
and Grade 


MS101128-3 


FIGURE 3. Marking Convention for Very Small 


Packages 
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Device Marking Conventions 


Wafer Fab and Assembly Plant 
Codes 


Table 1 lists single-letter codes for National Semiconductor’s 
wafer fabrication plants. Letters that are not in this list indi- 
cate wafer fabrication at one of National Semiconductor's 
approved sub-contractors. | 


TABLE 1. Wafer Fab Plant Code 


= Arington, 1X 
[0 Mutpie Fab Orin 


[MUSA (Sub-con) 
NY israel Subcon) 
P| China (Sub-cony 


Table 2 lists single-letter codes for National Semiconductor’s 
device assembly plants. Letters that are not in this list indi- 
cate device assembly at another of National Semiconduc- 
tor’s approved sub-contractors. 





















TABLE 2. Assembly Plant Code 




















S 


[Mm _[ Malacea, Malays 

aa 

[8 | Thailand (Sub-cony) 
[p__| Philipines (Sub-con) 
[= [Korea (Sub-con) 
[1 Finonesia (Sub-con) 
[NW | Malaysia (Sud-con) Sd 
[P| Malaysia (Sub-con) 
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Date of Manufacture Codes 


Marks indicating the date of manufacture occur in four, three, 
two, or one digit versions. The date code represents a 
six-week period in which the device was assembled. The 
one-digit code is an alpha code for the very small packages, 
such as SOT, SC70, and SC90, and ranges from A to Z plus 
the character @, representing a 6-week period during a 
3-year span. For the four, three, and two digit codes, the al- 
location of digits between year and week information in each 
scheme is summarized in Table 3: 


TABLE 3. Year Code 


Version Year Digits | Week Range 
Digits 


Fourdigh (YYW) 
Three-cgit (YW) 
Two-dgit (YW) 


Year: The year code is the last one or two digits of the calen- 
dar year of manufacture. For example, a device manufac- 
tured in 1999 would have a one-digit code of “9” or a 
two-digit code of “99”. 


Week: The week code is based on the starting calendar 
week of the six-week period during which the device was as- 
sembled. Table 4 summarizes the six-week date code 
schedule for one- and two-digit codes. 






TABLE 4. Six-Week Period Code 
Six-Week Period 


[From Week | To Week _| 


Two-Digit 
Code 


One-Digit 





Some example date codes are shown in Table 5: 


TABLE 5. Date Code Examples 


Date of Manufacture 4-Digit | 3-Digit | 2-Digit 
| Deetienieewr [com | cote | cone 
oa | 948 | 98 
[Calendar week 6, 2000 | 0006 | 006 | 01 | 

Calendar week 32, 2001 













Die Run (Wafer Lot) Codes 


The die run code is a two letter alpha code, ranging from AB 
through ZZ for each device, that is automatically assigned to 
each lot by an internal manufacturing system. When the date 
code is combined with the die run code, a unique identifier is 
created. In case of any problems with a device, this identifi- 
cation facilitates backward traceability to manufacturing pro- 
cesses where containment and corrective actions can be de- 
fined. These actions, in turn, minimize, and eventually 
eliminate, any negative impact on customers. 


Device Family and Package Codes 


TABLE 6. Device Family 


[cLc | Comlinear Products 
[cor | Control rented Processor 
[Ac | Data Conversion 



























C 

C 

D 

1 

pa RS 

pM 1 
L 
S Digital Cordless Telephony 


SCAN JTAG Products 
| OTR Telecom Products 


TABLE 7. Package Type 
Micro Surface-Mount Device 
(MicroSMD) 
D, DH Ceramic Sidebrazed Dual-In-Line 
Package 


DT, TD Molded D-Pak (TO-252) 


EL Ceramic Quad Flatpack with J-Bend 
Lead Form 


LC 
OP 
AC 
PD 
LF 
LM 
MC 
MD 
MS 
MV 
MX 
LP 
PC 
PV 
Cc 
TP 





3-Lead Metal Can (TO-46, TO-39) 


J, JA Ceramic Dual-In-Line Package 
(CerDIP) 


TO-3 Metal Can (Steel) 
LD, LQ, LQA | Leadless Leadframe Package (LLP) 


M, MA Molded Small Outline Package (SO, 
SOT) 
Ms, M5, M6, Molded Small Outline Package 
MF (SOT-23) 
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Molded Shrink Small Outline 


MSA Package (SSOP) 
|| ge sor. tan So) 
Package (MSOP, Mini SO) 
a ee 
(SOT-223) 
MTD, MT, MTE }; Package (TSSOP) 
Wide Body Molded Small Outline 


Package (SO, SOT) 


Molded Dual-In-Line Package (DIP) 


Molded Power Surface Mount 
Package (TO-263) 


SL, SLB Chip Scale Packaging (CSP) 
Molded TO-220 Power Package 


Tr Molded TO-220 Power Package With 
Isolated Tab 
Ceramic Pin Grid Array (PGA) 


28 & 44-Lead Molded Plastic Leaded 
Chip Carrier (PLCC) 


VBG, VC, VCC, 
VCE, VD, VE, 
VEF, VF, VH, 
VHG, VI, VJ, 
VJG, VJQ, VK, 
VLJ, VM, VN, 
VNG, VO, VP, 

VQL, VUL, 
VUW 
VEH, VF, VH, 
VJD, VS, VT, 


Molded Plastic Quad Flat Package 
(PQFP) 


Molded Plastic Thin Quad Flat 
Package (TQFP) 


Ceramic Flatpack 
Ceramic Quad Flatpak 


Ceramic Small Outline Package and 
Quad Flatpak with Gullwing Lead 
Form 


Molded 3-Lead Transistor Package 
(TO-92) 


TABLE 8. Package Type—CLC Products 


Molded Small Outline Package (SO, 
SOT) 








Molded Plastic Leaded Chip Carrier 
(PLCC) 
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Device Marking Conventions 


Small Surface-Mount Package 
Marking 


For packages such as SOT23 (3-, 5-, and 6-lead), SOT223, 
and MSOP, there is insufficient space to mark the entire part 
number, so a four-character code is used instead. The first 
character represents the device type (see Table 9). The sec- 
ond two characters are a code relating to the device part 
number and options. The fourth character relates to device 
performance grade. This four-character “top mark” is usually 
fully specified in the device datasheet, for all options and 
grades of the product. 
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TABLE 9. Device Type Code 


= ae aN 
a [ele 
[—o[ Comparsion SSS 
a 
| 
ead 
aia 
faze 
















National Semiconductor 


National Semiconductor’s Die Products 





As system designers search for ways to derive higher perfor- 
mance with reduced power consumption, size and 
weight —from their circuit designs, they are turning to suppli- 
ers of bare die and known good die for cost-effective solu- 
tions. Based on module size, design complexity, substrate, 
and tolerance for rework, the manufacturer must make a 
trade-off between the average yield for the die selected for 
module use and the cost of additional die upscreening. 


With more than five years of experience in supplying Known 
Good Die—and the manufacturing expertise of more than 
thirty years in the semiconductor business National Semi- 
conductor is uniquely equipped to support your KGD needs, 
evaluation, and selection. The Die Products Business Unit, 
or DPBU, will work with established customers under 
non-disclosure agreements to help them balance the 
trade-off between die cost and expected yields for the wide 
variety of die products that National Semiconductor offers. 


While there is no single answer for all applications, there is a 
common goal among die customers that we understand. 
Whether your module supports cellular telephones ... or 
anti-lock brakes ... or deep-space satellites ... all die custom- 
ers must procure die that meet their unique yield require- 
ments at a price that allows their end product to be competi- 
tive. 


Wide Product Availability of Die 


To address the needs of Multi Chip, Chip on Board and Flip 
Chip Module manufacturers, National offers a complete 
product portfolio in die form. 


¢ Analog 

e Interface 

e Logic 

e Memory 

e Microcontrollers 

e SCAN boundary test (IEEE 1149.1) 
e Networking 

e Wireless 


Since National has been manufacturing semiconductors for 
over thirty years, we know the capabilities and limitations of 
our products. Many of these technologies require little addi- 
tional screening to meet 99.9% yields. Others require AC/DC 
probe as well as burn-in to meet similar yields. The DPBU 
can work with customers to understand the system specifi- 
cations and long-term reliability requirements. Our product 
engineers can tailor an electrical test program around your 
needs ... or take into consideration the historic wafer yield as 
well as final package yields and offer the most cost-effective, 
reliable die in the industry. 


Shipping Methods 


Die provided through National Semiconductor's Die Prod- 
ucts Business Unit are shipped to the customer in several 
methods, based on the customer's request. Whole wafers 
are shipped in plastic vials enclosed in anti-static bags. For 
die shipments, customers have a choice of Waffle Packs, 
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GEL-PAKS®@, sawn wafers shipped on adhesive tape, or 
tape and reel. Information on typical die packaging and la- 
beling is available on request. 


Documentation Support 


It is great to know that you can get the product you need in 
die form. However, die by itself is difficult to use, so National 
Semiconductor makes available all of the documentation you 
need to assemble our KGD into your multichip module or 
chip-on-board assembly. Our KGD datasheets, which are 
available on request, include information such as: 


e Electrical specifications 

e xX, Y Coordinates for the bond pad locations 

¢ A bonding diagram 

¢ Die dimensions 

¢ Bond pad dimensions, including passivation opening size 

¢ Bond pad metal composition and thickness 

e Die backside composition 

¢ Die passivation 

¢ Pinout list, including any pads which need to be jumpered 
or skipped . 

e Electrical potential of die backside 

¢ LAT attributes data, if specified 
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Package Illustrations 





National Semiconductor 


Package Illustrations 


Package photos are actual size. Please see web site at http://Awww.national.com/packaging/ for specifications. Many Na- 
tional products are available in wafer, die, and known good die form. Please go to www.national.com/kgd for more information 
on known good die. a . . : 





MS101192-29 





MS101192-1 


Molded Plastic Leaded Chip Carrier (PLCC) 
Product Suffix: V, VA 
CLC Product Suffix: Q 





MS101192-3 


Molded Plastic Thin Quad Flatpak (TQFP) 
Product Suffix: VEH, VJD, VF, VH, VS, VT, VU 





MS101192-31 


Leadless Leadframe Package (LLP) 
MS101192-2 Product Suffix: LD, LQ, LQA 








MS101192-4 


MS101192-30 Chip Scale Packaging (CSP) 
Molded Plastic Quad Flatpak (PQFP) Product Suffix: SL, SLB 
Product Suffix: VBG, VC, VCC, VCE, VD, VE, VEF, VF, 
VH, VHG, VI, VJ, VJG, VJQ, VK, VLJ, VM, VN, VNG, VO, o 
VP, VQL, VUL, VUW | MS101192-5 
MicroSMD pSMD 
Product Suffix: BP 


& 


MS101192-6 


$Cc70 
- Product Suffix: M7, MG 





Miniature Molded Small Outline Package 
(MSOP, Mini SO) 
Product Suffix: MM 
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al 
ry) 

2. 

» 

io} 

© 

MS101192-27 a 

Molded Small Outline Package (SOT-23) MS101192-14 = 
Product Suffix: M3, M5, M6, MF Molded TO-92 a 


Product Suffix: Z, ZA 





MS101192-9 


Molded Small Outline Package (SOT-223) 
Product Suffix: MP 





MS101192-15 
MS101192-10 Molded TO-220 Isolated Tab 


Molded Thin Shrink Small Outline Package (TSSOP) Product Suffix: TF 
Product Suffix: MTA, MTD, MTC, MT, MTE 








MS101192-114 


Molded Small Outline Package (SO, SOT) 
Product Suffix: M, MA, MW, WM einaten ae 
CLC Product Suffix: E Molded TO-220 


Product Suffix: T, TA 








MS101192-32 


Molded D-Pak (TO-252) 
Product Suffix: DT, TD 





MS101192-12 


Molded Shrink Small Outline Package (SSOP) 
Product Suffix: MSA, MEA, MQ, MS 





MS101192-17 


Molded Power Surface Mount (TO-263) 
Product Suffix: S, TS 





MS101192-13 


3-Lead Metal Can Package (TO-46) 
Product Suffix: H, HA 
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Package Illustrations 





MS101192-18 


Molded Dual-in-Line Package (DIP) 
Product Suffix: N, NA 





MS101192-19 


Ceramic Flatpak 
Product Suffix: W, WA 





MS101192-20 


Ceramic Quad Flatpak 
Product Suffix: W, WQ 





MS101192-21 





MS101192-28 


Ceramic Small Outline Integrated Circuit (Gullwing) 
(Ceramic SOIC) 
Product Suffix: WG 
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MS101192-22 


Ceramic Dual-in-Line Package (CerDIP) 
Product Suffix: J, JA 





MS101192-23 


Ceramic Sidebrazed Dual-in-Line Package 
Product Suffix: D, DH 





MS101192-24 


Ceramic Quad Flatpak (Gullwing) 
Product Suffix: WG 





MS101192-25 


Ceramic Quad Flatpak J-Bend 
Product Suffix: EL 


suonejsny| eabeyoed 





MS101192-26 


Ceramic Pin Grid Array (PGA) 
Product Suffix: U, UE 
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National 


ALABAMA 
Huntsville 

Arrow Electronics 
(256) 864-3350 
Avnet Electronics 
(256) 837-8700 
Future Electronics Corp. 
(256) 971-2010 
Pioneer Standard 
(256) 837-9300 
Wyle Electronics 
(256) 830-1119 


ARIZONA 

Phoenix 
Avnet Electronics 
(480) 736-7000 
Future Electronics Corp. 
(602) 629-3013 
Pioneer Standard 
(602) 231-6400 
Wyle Electronics 
(480) 804-7000 

Tempe 
Arrow Electronics 
(602) 966-6600 


CALIFORNIA 
Agoura Hills 
Pioneer Standard 
(818) 865-5800 
Calabasas 
Arrow Electronics 
(818) 878-4345 
Future Electronics Corp. 
(818) 871-1740 
Wyle Electronics 
(818) 880-9000 
Irvine 
Arrow Electronics 
(949) 454-4290 
Arrow/Zeus 
(949) 581-4622 
Avnet Electronics 
(949) 789-4150 
Future Electronics Corp. 
(949) 453-1515 
Pioneer Standard 
(949) 753-5090 
Wyle Electronics 
(949) 753-9953 
Lake Forest 
Wyle Electronics 
(949) 609-4900 
Milpitas 
Arrow Electronics 
(408) 453-1200 
Rocklin 
Arrow Electronics 
(916) 624-9744 


Semiconductor 


Authorized Distributors 


Avnet Electronics 
(916) 632-4500 
Roseville 


Future Electronics Corp. 


(916) 783-7877 
Wyle Electronics 
(916) 783-9953 
San Diego 
Arrow Electronics 
(858) 565-4800 
Avnet Electronics 
(858) 385-7500 


Future Electronics Corp. 


(858) 625-2800 
Pioneer Standard 
(858) 514-7700 
Wyle Electronics 
(858) 558-6600 
San Jose 

Arrow/Zeus 

(408) 629-4789 
Avnet Electronics 
(408) 435-3500 


Future Electronics Corp. 


(408) 434-1122 
Pioneer Standard 
(408) 954-9100 
Santa Clara 
Wyle Electronics 
(408) 727-2500 
Woodland Hills 
Avnet Electronics 
(818) 594-0404 


COLORADO 
Englewood 
Arrow Electronics 
(303) 645-8999 
Avnet Electronics 
(303) 790-1662 
Pioneer Standard 
(303) 773-8090 
Golden 
Future Electronics Corp. 
(303) 277-0023 
Thornton 
Wyle Electronics 
(303) 457-9953 


CONNECTICUT 
Shelton 
Pioneer Standard 
(203) 929-5600 
Wallingford 
Arrow Electronics 
(203) 265-7741 
Avnet Electronics 
(203) 284-5700 
Future Electronics Corp. 
(203) 250-0083 


Wyle Electronics 
(203) 269-8077 


FLORIDA 

Altamonte Springs 
Arrow Electronics 
(407) 831-0007 
Pioneer Standard 
(407) 834-9090 

Clearwater 
Avnet Electronics 
(727) 507-5000 


Future Electronics Corp. 


(727) 531-3062 
Wyle Electronics 
(727) 533-0445 
Deerfield Beach 
Arrow Electronics 
(954) 429-8200 


Future Electronics Corp. 


(954) 426-4043 
Pioneer Standard . 
(954) 428-8877 
Wyle Electronics 
(954) 420-0500 
Fort Lauderdale 
Avnet Electronics 
(954) 484-5482 
Lake Mary 
Arrow/Zeus 
(407) 333-3055 


Future Electronics Corp. 


(407) 444-6302 
Maitland 

Wyle Electronics 

(407) 740-7450 
Winter Park 

Avnet Electronics 

(407) 657-3300 


GEORGIA 
Duluth 
Arrow Electronics 
(770) 497-1300 
Avnet Electronics 
(770) 623-4400 


Future Electronics Corp. 


(770) 476-3900 
Pioneer Standard 
(770) 623-1003 
Wyle Electronics 
(770) 495-9770 
Smyrna 
Avnet Electronics 
(770) 482-1900 


ILLINOIS 
Addison 
Pioneer Standard 
(630) 495-9680 


Wyle Electronics 

(630) 620-0969 
Arlington Heights 

Avnet Electronics 

(847) 797-7300 
Chicago 

Newark Electronics 

(773) 907-5950 
Hoffman Estates 

Future Electronics Corp. 

(847) 882-1255 
Itasca 

Arrow Electronics 

(630) 250-0500 

Arrow/Zeus . 

(630) 595-9730 
Schaumburg 

Arrow Electronics 

(847) 884-0200 


INDIANA 

Carmel 
Avnet Electronics 
(317) 575-3500 

Fort Wayne 
Wyle Electronics 
(219) 490-2323 

Indianapolis 
Arrow Electronics 
(317) 913-1100 
Future Electronics Corp. 
(317) 913-1355 
Pioneer Standard 
(317) 573-0880 


KANSAS 

Kansas City 
Pioneer Standard 
(816) 746-9841 

Lenexa 
Arrow Electronics 
(913) 541-9542 

Overland Park 
Avnet Electronics 
(913) 663-7900 
Future Electronics Corp. 
(913) 498-1531 


KENTUCKY 
Lexington 
Avnet Electronics 
(859) 288-4912 


LOUISIANA 
Baton Rouge 
Pioneer Standard 
(504) 923-0015 


www.national.com 


Authorized Distributors (Continued) 


MARYLAND 

Columbia 
Arrow/Zeus 
(410) 309-1541 
Arrow Electronics 
(410) 309-0899 
Avnet Electronics 
(410) 720-3400 
Wyle Electronics 
(301) 604-8488 

Gaithersburg 
Pioneer Standard © 
(301) 921-0660 

Linthicum 


Future Electronics Corp. 


(410) 314-1111 


MASSACHUSETTS 
Bedford 
Wyle Electronics 
(781) 271-9953 
Bolton 


Future Electronics Corp. 


(978) 779-3000 
Lexington 

Pioneer Standard 

(781) 861-9200 
Norwood 

Gerber Electronics 

(781) 769-6000 
Peabody 

Avnet Electronics | 

(978) 532-3701 
Wilmington 

Arrow Electronics 

(978) 658-0900 

Arrow/Zeus 

(978) 658-4776 


MICHIGAN 
Farmington Hills 


Future Electronics Corp. 


(248) 489-1179 
Grand Rapids 


Future Electronics Corp. 


(616) 698-6800 
Pioneer Standard . 
(616) 534-3145 
Novi 
Wyle Electronics 
(248) 374-9953 
Plymouth 
Arrow Electronics 
(734) 455-0850. 
Avnet Electronics 
(734) 416-5800. 
Pioneer Standard 
(734) 416-2157 


MINNESOTA 
Bloomington 
Avnet Electronics 
(612) 346-3000 
Wyle Electronics 
(612) 853-2280 


www.national.com 


Chanhassen 


Future Electronics Corp. 


(952) 934-9100 
Eden Prairie 

Pioneer Standard 

(612) 829-2229 
Thief River Falls 

Digi-Key Corp. 

“Catalog Sales Only” 

(800) 338-4105 


MISSOURI 

Earth City — 
Avnet Electronics 
(314) 770-6300 
Pioneer Standard 
(314) 209-3000 

St. Louis 
Arrow Electronics 
(314) 567-6888 


Future Electronics Corp. 


(314) 469-6805 


NEW JERSEY > 
Fairfield 
Pioneer Standard 
(973) 575-3510 
Mt. Laurel 
Avnet Electronics 
(856) 222-6400 


Future Electronics Corp. 


(856) 787-9600 

Wyle Electronics 

(856) 439-9110 
Parsippany 

Avnet Electronics 

(973) 515-1641 


Future Electronics Corp. 


(973) 299-0400 
Pine Brook 

Arrow Electronics 

(973) 227-7960 

Wyle Electronics 

(973) 882-8358 
Wayne 

Wyle Electronics 

(973) 237-9010 


NEW YORK 
Binghamton 
Pioneer Standard 
(607) 722-9300: 
Clifton Park 
Pioneer Standard 
(578) 371-1929 
Commack: 
Arrow Electronics 
(516) 864-6600 
Endicott 
Avnet Electronics 
(607) 785-2345 
Hauppauge 
Arrow Electronics 
(631) 851-2300 
Avnet Electronics 
(631) 434-7400 


Future Electronics Corp. 


(631) 234-4000 

Wyle Electronics 

(631) 231-7850 
Henrietta 

Wyle Electronics 

(716) 334-5970 
New York 

Pioneer Standard 

(212) 631-4700 
Pittsford 

Pioneer Standard 

(716) 389-8200 
Purchase 

Arrow/Zeus 

(914) 701-7400 
Rochester 

Arrow Electronics 

(716) 427-0300 

Avnet Electronics 

(716) 475-9130 


Future Electronics Corp. 


(716) 387-9550 
Ronkonkoma 

Pioneer Standard 

(516) 738-1700 
Syracuse 

Avnet Electronics 

(315) 233-5600 

Future Electronics Corp. 

(315) 451-2371 


NORTH CAROLINA 
Charlotte 
Future Electronics Corp. 
(704) 547-1107 
Cornelius | 
Future Electronics Corp. 
(704) 896-9500 
Morrisville 
Wyle Electronics 
(919) 469-1502 
Raleigh | 
Arrow Electronics 
(919) 876-3132 
Avnet Electronics 
(919) 859-9159 
Future Electronics Corp. 
(919) 790-7111 
Pioneer Standard 
(919) 845-5100 


OHIO 

Beavercreek | 
Future Electronics Corp. 
(937) 426-0090 

Dayton 
Arrow Electronics 
(937) 428-7300 
Avnet Electronics-DESC 
(937) 439-6721 

Miamisburg 
Pioneer Standard - 
(937) 428-6900 | 
Wyle Electronics 
(937) 436-9953 


Solon 
Arrow Electronics 
(440) 248-3990 
Avnet Electronics 
(440) 498-1100 
Future Electronics Corp. 
(440) 248-3222 
Pioneer Standard 
(440) 519-6200 
Wyle Electronics 
(440) 248-9996 

Worthington 
Avnet Electronics 
(614) 888-3313 
Pioneer Standard 
(614) 848-4854 


OKLAHOMA 
Tulsa 

Arrow Electronics 
(918) 252-7537 
Avnet Electronics 
(918) 459-6000 
Pioneer Standard 
(918) 665-7840 
Radio Inc. 
(918) 587-9123 


OREGON 

Beaverton 
Arrow Electronics © 
(503) 629-8090 
Avnet Electronics 
(503) 526-6200 

Lake Oswego 
Pioneer Standard 
(503) 968-6565 

Portland 
Future Electronics Corp. 
(503) 603-0956 
Wyle Electronics 
(503) 598-9953 


PENNSYLVANIA 
Horsham 
Arrow Electronics 
(215) 956-4800 
Pioneer Standard 
(215) 674-4000 
Pittsburgh 
Arrow Electronics 
(724) 327-1130 
Pioneer Standard 
(412) 782-2300 
Wexford 
Future Electronics Corp. 
(724) 935-1113 


TEXAS 
Austin 

Arrow Electronics 
(512) 835-4180 
Avnet Electronics 
(512) 219-3700 
Future Electronics Corp. 
(512) 502-0991 


Authorized Distributors (continued) 


TEXAS (Continued) UTAH CANADA Mississauga 
Minco Technology Labs Salt Lake City WESTERN PROVINCES Arrow Electronics 
“Die Distributor” Arrow Electronics Burnaby (905) 565-4405 
(512) 339-3436 (801) 973-8555 Arrow Electronics Avnet Electronics 
Pioneer Standard Avnet Electronics (604) 421-2333 (905) 812-4400 
(512) 835-4000 (801) 365-3800 Avnet Electronics Future Electronics Corp. 
Wyle Electronics Future Electronics Corp. (604) 444-3810 (905) 612-9200 
(512) 833-9953 (801) 467-4448 Calgary . Pioneer Standard 
Brownsville West Valley City Arrow Electronics (905) 405-8300 
Avnet Electronics Wyle Electronics (403) 259-6817 Wyle Electronics 
(956) 546-6411 (801) 974-9953 Avnet Electronics (905) 212-7100 
Dallas (403) 291-5510 Nepean 
Avnet Electronics WASHINGTON Future Electronics Corp. Avnet Electronics 
(214) 553-4300 Bellevue | (403) 219-3443 (613) 226-1700 
Pioneer Standard Arrow Electronics Pioneer Standard Pioneer Standard 
(972) 419-5500 (425) 643-9992 (403) 234-8300 (613) 226-8840 
El Paso Pioneer Standard Wyle Electronics Ottawa 
Avnet Electronics (425) 644-7500 (403) 219-0909 Arrow Electronics 
(915) 772-3304 Bothell . Edmonton (613) 271-8200 
Future Electronics Corp. Future Electronics Corp. Arrow Electronics Future Electronics Corp. 
(915) 592-3565 (425) 489-3400 , (780) 483-6266 (613) 727-1800 
Houston Redmond Future Electronics Corp. Pointe Claire 
Avnet Electronics Avnet Electronics (780) 438-5888 | Future Electronics Corp. 
(713) 781-6100 (425) 882-7000 Richmond | (514) 694-7710 
Future Electronics Corp. Wyle Electronics Pioneer Standard Wyle Electronics 
(718) 785-1155 (425) 881-1150 (604) 273-5575 (514) 694-9953 
Pioneer Standard | Vancouver Quebec City 
(281) 495-4700 yheteaertee Future Electronics Corp. Future Electronics Corp. 
Wyle Electronics (604) 294-1166 (418) 877-6666 
Arrow Electronics 
(713) 784-9953 Wyle Electronics Vaudreuil 
(262) 792-0150 ,; 
Plano Future Electronics Cor (604) 789-0266 Future Electronics Corp. 
Arrow/Zeus | (514) 457-3004 
i (262) 879-0244 EASTERN PROVINCES 
(972) 380-6464 ; Ville St. Laurent 
Pioneer Standard Dorval 
Future Electronics Corp. 262) 780-3600 ; Avnet Electronics 
(469) 467-0080 se62) 18020 Arrow Electronics (514) 335-1000 
Richardson eye Ee (514) 421-7414 Winnipe 
; (262) 241-4321 Kanata | peg . 
Wyle Electronics Wvile Electroni Arrow Electronics 
(972) 235-9953 pclae laa Wyle Electronics (204) 632-1260 
(262) 879-0434 (613) 270-9953 
Pewaukes Future Electronics Corp. 
| . 204) 944-1446 
Avnet Electronics : Standard 
(262) 513-1500 Sneelsianvat 


(204) 989-1957 
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AUSTRALIA 


National Semiconductor 
Aus Pty Ltd. 

1F., 651 Doncaster Road 
Doncaster, Victoria 3108 
Australia 

Tel: (61) 3 9848 9788 
Fax: (61) 3 9848 9822 


BRAZIL 


National Semiconductores da 
América do Sul Ltda. 

World Trade Center 

Av. das Nagodes Unidas, 

12.551 22nd Floor - cj. 2207 
04578-903 Brooklyn 

S&o Paulo, SP 

Brasil 

Tel: (55 11) 3043.7450 

Fax: (55 11) 3043.7454 





CANADA 


National Semiconductor 
(Calgary) 
2723 37th Ave. N.W., Unit 206 
Calgary, Alberta T1Y 5R8 

Fax: (403) 219-0909 


National Semiconductor 
(Ottawa) 

14 Teevens Drive 
Nepean, Ontario K2H 2E2 
Fax: (613) 825-7301 


National Semiconductor 
(Montreal) 

4140 Thimens Blvd. 
Saint-Laurent, Quebec H4R 2B9 
Fax: (514) 335-6447 


FINLAND 


National Semiconductor 
(U.K.) Ltd. 

Sinikalliontie 3A 

FIN - 02630 ESPOO, Finland 
Tel: (358) 09 3489 760 

Fax: (358) 09 3489 766 





FRANCE 


National Semiconductor 
France S.A.R.L. 

Le Rio 1, 

rue de la Terre de Feu 
91952 Courtaboeuf, Cedex 
France 

Tel: (33) 01 69 18 37 00 
Fax: (33) 01 69 18 37 69 
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GERMANY 


National Semiconductor GmbH 
Livry-Gargan-Strasse 10 
D-82256 Furstenfeldbruck, 
Germany 

Tel: (49) 0 81 41 35-0 

Fax: (49) 0 81 41 35 15 06 


HONG KONG 


National Semiconductor 
Hong Kong Ltd. 

2501 Miramar Tower 

1 Kimberley Road 
Tsimshatsui, Kowloon, 
Hong Kong 

Tel: (852) 2737 1800 
Fax: (852) 2736 9960 


INDIA 


National Semiconductor India 
Liaison Office 

Rm 1109, 11th Floor 

Raheja Towers, M.G. Road 
Bangalore 560001, India 

Tel: (91) 80 559 9467/80 509 5075 
Fax: (91) 80 559 9470 





ISRAEL 


National Semiconductor Ltd. 
8 Hasadnaot Street 

P.O. Box 3007 

Herzlia B., Israel IL-46130 
Tel: (972) 9 970 2000 

Fax: (972) 9 970 2001 


ITALY 


National Semiconductor s.r.I. 
Strada 7, Palazzo R/3 : 
l-20089 Rozzano-Milanofiori, 
Italy 

Tel: (39) 02 57 56 3-1 

Fax: (39) 02 57 50 04 00 


JAPAN 





‘National Semiconductor 


Japan Ltd. 

daVinci Kiba Bldg., 2-17-16, 
Kiba, Koto-ku, 

Tokyo, 135-0042, Japan 
Tel: (81) 3 5639 7300 

Fax: (81) 3 5639 7359 


WORLDWIDE SALES OFFICES 


KOREA 


National Semiconductor 

Korea Ltd. 

13/F, Korea Life Insurance 63 Bldg. 
60 Yoido-Dong, 

Youngdeungpo-Ku 

Seoul 150-763, Korea 

Tel: (82) 2 3771 6900 

Fax: (82) 2 784 8054 


MALAYSIA 


National Semiconductor 
Sdn Bhd 

368-3-3 Bellisa Row 
Jalan Burma 

10350 Penang 

Malaysia 

Tel: (60) 4 228 8689/8179 
Fax: (60) 4 228 6176 


MEXICO. 


National Semiconductor 
Electronica NSC de 

Mexico SA 

Avenida de las Naciones No. 1 
Piso 33 Oficina 38 

Edificio WTC, Col. Napoles 
Mexico City 03810 Mexico D.F. 
Tel: (62) 5 488 0135 

Fax: (52) 5 488 0139 





PRC 


National Semiconductor 
Beijing Liaison Office 

Rm 1018, Canway Building 
66 Nan Li Shi Road 

Beijing 100045, PRC 

Tel: (86) 10 6804 2454/7 

Fax: (86) 10 6804 2458 





National Semiconductor 
Shanghai Liaison Office 
Room 904-905, Central Plaza 
No. 227 Haungpi Road North 
Shanghai 200003, PRC 

Tel: (86) 21 6375 8800 

Fax: (86) 21 6375 8004 


National Semiconductor 
Guangzhou Liaison Office 
Room 1809, Goidion Tower, 
No. 136-138 Tiyu Road East 
Guangzhou 510620, PRC 
Tel: (86) 20 3878 0313 

Fax: (86) 20 3878 0312 


SINGAPORE 


National Semiconductor 
Asia Pacific Pte. Ltd. 

11 Lorong 3 
Toa Payoh, Singapore 319579 
Tel: (65) 252 5077 

Fax: (65) 356 6128 





SPAIN 


National Semiconductor Ltd. 
Calle Vinaplana, 31 

19005 Guadalajara 

Spain 

Tel: (34) 949 24 81 96 

Fax: (34) 949 24 81 95 





SWEDEN 


National Semiconductor AB 
Box 1009 
Grosshandlarvagen 7 

S- 121 23 Johanneshov, 
Sweden 

Tel: (46) 08 722 80 50 

Fax: (46) 08 722 90 95 
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SWITZERLAND | 


National Semiconductor 

(U.K.) Ltd.* 

Alte Winterthurerstrasse 53 ; 

CH-8304 Wallisellen-Ztrich 

Switzerland ; 

Tel: (41) 01 830 27 27 i 

Fax: (41) 01 830 19 00 
j 
j 
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TAIWAN 


National Semiconductor 

(Far East) Ltd. 
12F, No. 18, Section 1 
Chang-An East Road 

Taipei, Taiwan R.O.C. 

Tel: (886) 2 2521 3288 

Fax: (886) 2 2561 3054 


U.K. AND IRELAND 


National Semiconductor 

(U.K.) Ltd. 

tst Floor, Apple |! 

Apple Walk, Kembrey Park 

Swindon, Wiltshire SN2 8BL 

United Kingdom 

Tel: (44) 0 1793 614141 

Fax: (44) 0 1793 427551 
\ ‘ 
v t 


UNITED STATES 


National Semiconductor 
Corporation 

Call your local Distributor/Sales 
Office. To find the contact nearest 
you, visit our Contacts web page: 
www.national.com/contacts 
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Fax: 
Phone: 


Americas 


Fax: 
Email: 
Phone: 





i? Asia Pacific _ 
Email: 
_ Phone: 


Fax: 


[ : — 
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ot YER 


ndu ao a —— set of support se services. : Product 





1-800-737-7018 
support@nsc.com 


| | -800-272-9959 


+49 (0) 180-530 85 86 
europe.support@nsc.com 


at 


Deutsch +49 (0) 69 9508 6208 
English +44 (0) 870 240 2171. 
Francais +33 (0) 1 41 9#'87 90 


65-2504466 


ap. support@asc. com 
65-2544466.. 


1D) B) che 04 ne charge to be paid by caller) 


| vee 
~ Email: 
Phone: 


Japan 


See us on the Worldwide Web at www.national.com 
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